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Letter of Transn

My Dear Mr. President:
December 1, 1991

In accordance with Sec. 4(j) (1) of the National Science Foundation Act of 1950, as
amended, it is my honor to transmit to you, and through you to tiw C:Ongress, the tenth
in the series of biennial Science Indicators reportsScience & Engineering Indicators
1991.

These reporti are designed to provide public and private policymakers with a broad
base of quantitative information about U.S. science and engineering research and educa-
tion and about U.S. technology in a global context.

U.S. Gmernment and industry have led the world in recognizing the importance of sci-
ence and technology for achieving national objectives. Their support for research and
(Ievelopnwnt (R&D), and especially basic research, is reflected in the data in these
paget-% But priorities and programs must be constantly redefined and reshawd to adapt
to rapidly changing global economic, political, and social conditions. This report pulls
together in a convenient format much of the data about science and technology pertinent
to these decisionmaking processes.

The coverage is broad. U.S. and comparative foreign trends are tracked in precollege
and college-level science, mathematics, and engineering education; scientists and engi-
neers in the labor force; support and performance ot research and development, with
special detail on academic R&D; technological innovation and the international competi-
tiveness of U.S. technology; and public attitudes toward, and knowledge about, science
and technology.

Mr. President, the National Science Board is proud to call your attention to the fact
that this tenth edition of the biennial Indicators marks 20 years since the Board initiated
the report. It is widely used around the world for policymaking as well as serving as a
model for national science policy data compilations. My National Science Board col-
leagues and I how thpt your Administration and the Congress will continue to find this
report useful as you seek solutions to our national problems.

The Honorable
The President of the United States
The White House
Washington, DC 20500

Respectfully yours,

James J. Duderstadt
Chairman, National Science Board
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Introduction

Twenty Years of Indicators

The publication of the 10th biennial volume in the
Science & Engineering Indicators series signals the com-
pletion of 20 years of activity in the area. It is a time for
celebration as well as a time for assessing the achieve-
ments and shortcom.ngs of the activity. The anniversary
also provides an opportunity for appraising the uses of
the volumes in assisting the process of science and tech-
nology (S&T) policy formulation.

As the principal patron of Indicators, the U.S.
Congress has already begun such appraisal with the
publication by its Office of Technology Assessment of
Federally Funded Research: 9ecisions for a Decade (OTA-
SET-490, Washington, DC: May 1991). The report con-
tains a discussion of the Mdicators volumes and
adjudgeb them to be, "the most comprehensive look at
the research system that is currently available" (p. 236).
Critiques of the approaches taken in the Indicators vol-
umes are noted and discussed. The authors further pro-
pose a variety of new indicators ranging from technology
measures to fine detail indicators of the flow of research
proposals and awards to Federal agencies.

Globalization of Indicators

The U.S. Thdicators volumes, as they evolved during
the 1970s, served as a model for the rapid growth of
Ihdkators-type reports around the world during the
1980s. Goverdmcits have increasingly come to see sci-
ence and teci.nologi polio; as a key ingredient in their
strategies for ck--elopii. -nt. and economic competitive-
ness. As a result, there is a strong movement toward the
globalization of S&T indicators involving the develop-
ment of truly comparable measures of S&T functions in
different countries. The Organisation for Economic
Cooperation and Development (OECD) has long been a
forum for the creation of such comparative indicators,
and now the European Community is moving decisively
into the creation of data systems for assessment and

evaluation of science and technology among its 12 mem-
ber nations. Finally, the rapidly developing economic
powers of the Asia and Pacific region are making efforts
to construct comparable measures of their S&T activi-
ties. A working group of the newly formed Pacific
Economic Cooperation Council (PECC) is dedicated to
this activity.

What Is New in This Volume

Science & Engineering Indicators 1991 continues to
consolidate and work out the changes in structure intro-
duced in the 1987 edition:

In keeping with the policy pre-eminence of school
science and mathematics education, tlw chapter on
this topic has been expanded. Especially important
are new national data on levels of performance of
U.S. minority schoolchildren of different ages on
science and mathematics performance tests.

In the higher education chapter, there are new
materials on time to degree as well as new interna-
tional comparative data on S&E degrees.

The overall picture of financial support of R&D is
complemented by an exploration of changes in
inter- and intra-sectoral cooperative R&D linkages.
In addition, the section presents new infoimation on
state R&D expenditures.

The formerly separate sections on industrial R&D
and U.S. technology in a global context were com-
bined for this volume. New analyses have been con-
ducted on patent data as well as in the area of small
high-technology business.

In keeping with the theme of globalization of indica-
tors, analyses of public attitudes toward, and public
knowledge of, science and technology are present-
ed with comparative data from 15 countjes.
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2 Overview of U.S. Science and Technology

Overview of U.S. Science and Technology

SYNOPSIS

The extraordinary, i,nd continuing, global politkal and
economic changes of the past half decade are forcing
fundamental reasse sments of policy in many areas of
public endeavor. Science and technology (S&T) policy is
no exception. Patterns of resource allocationfor exam-
ple, to civilian and military research, to basic and applied
research and development, etc.that made sense under
earlier political and economic conditions now appear
inappropriate. Because decisionmakers are still groping
toward new policy formulations, the impact of these
changes are, by and large, still too recent to be clearly
reflected in S&T indicators. Nevertheless, some trends
are apparent; these are outlined below.

Expenditures for Research and Development
In the United States the twin engines that powered the

rapid growth of research and development (R&D) from
the mid-1970s to the late 1980s have been decelerating
the economy has been in a recession, and the evapora-
tion of the cold war has reduced the urgency for military
R&D spending. The average annual increase in total U.S.
R&D expenditures between 1985 and 1991 (in constant
dollars) was 1.2 percent, compared with an annual
growth rate of 6.9 percent from 1980 to 1985. The most
recent estimates on change from 1989 to 1991 also show
declining R&D expenditures.

Current estimates for development expenditures exhibit
the sharpest downturna negative trend in constant dol-
lars since 1988. The estimated -end in applied research,
too, has been negative since 1989. The Federal
Governnwnt is estimated to have reduced its R&D
expenditures significantly from 1989 to 1991: estimates
for U.S. industry R&D expenditures remained level dur-
ing this period.

Only expenditures for basic research have continued to
grow, albeit at a declining rate. The most recent estimate
is for a 2.7-percent increase from 1990 to 1991. The
statistics for expenditures for academic R&D also show
continuing slow growth.

Internationally, total U.S. R&D expenditures g7ontinue
to exceed those of its four closest industrial competitors
combined, despite the fact that two of these countries
(West Germany and Japan) outpace the Ilnited States in
terms of R&D expenditures as a percentage of gross
national product (GNP). However, as of 1989, these four
countries together (the two named above plus the
United Kingdom and France) spent 12 percent more
than the United States on total nondefense-related R&D
activities.

U.S. Technological Innovation
Ale United States has seen further slow erosion of its

snares in global markets for high-teclmology goods. For

example, in 1988 the United States supplied 37 percent
of the world's high-tech products, slightly down from 40
percent in 1980. Although the country continues to main-
tain a trade surplus in high-tech goods, its 1988 balance
was half the size its 1980 balance.

A more positive trend in the area of technological
innovation is the upturn in patenting by U.S. inventors
between 1983 and 1989.

Lastly in this area, an incipient trend worth watching
is a 9ossible tendency for U.S. corporations to spend an
increasing portion of their corporate R&D hinds at facili-
ties abroad.

Academic R&D

Although academic R&D continued to grow during
the late 1980s, it was at a slower rate than during the
first half of the decade. Major investments were made
during the decade in research instrumentation (with
support coming primarily from Federal agencies) and
the construction and refurbishment of research facili-
ties (supported primarily by the institutions them-
selves). However, financial problems loom for research
universities as the recession hits both state budgets
and the various sources of income for private institu-
tions, and as pressures mount for lower indirect cost
reimbursement rates on Federal research grants and
contracts.

Science and Engineering Personnel

The U.S. science and engineering (S&E) workforce
extended its long growth trend through 1989 at an
annual rate of approximately 4 percent. Expansion of
S&L employment continued at a faster rate in nonman-
ufacturing jolY (primarily in the services sector) than
in manufacturing jobs. The proportion of S&E jobs
within the nonmanufacturing sector increased from 1.2
percent in 1980 to 1.7 percent in 1989; this rise translat-
ed into a nearly 50-percent increase in S&E job opportu-
nities in this sector during the decade. The increase in
the S&E share of manufacturing jobs was also sizable
from 3.7 percent in 1980 to 5.1 percent in 1989despite
a decrease in total manufacturing jobs.

Adequacy of the supply of new scientists and engi-
neers during the 1990s continued to prompt concern,
especially in light of relatively unfavorable demograpn-
ic factors. Indicators of supply and demand examined
here suggest relative stability in &E labor markets
during thc 1990s: lower demographic growth will l'e
iritched by generally slower economic growth. Within
this framework, however, it can be expected that rapid
technological change will almost certainly generate
spot shortages and surpluses in specific areas.

/ 0
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Precollege Science and Mathematics
Education

Concerns also continued to be raised about the quality
(and quantity) of U.S. science and mathematics educa-
tion and the attractiveness of S&E careers to U.S. citi-
zens. In international comparative achievement tests in
science and mathematics, U.S. boys and girls score
lower than their peers in many other countries. An
exploratory study suggests that U.S. grade schoolers
receive significantly less exposure to mathematics and
science instruction in ea0y years than do their peers in
Japan and Taiwan.

Higher Education for Scientists and Engineers
Undergraduate S&E degrees continue their long,

gradual decline as a share of all degrees. Data on the
plans of freshmen entering college in 1989 and 1990 sug-
gest, however, that degrees in the natural sciences, engi-
neering, and computer sciences may be bottoming out
and might begin to increase in the early 1990s.

Meanwhile, the proportions of foreign citizens enrolled
in U.S. natural science, mathematics, computer science,
and engineering graduate programs and receiving S&E
doctoral degrees continue to increase apace. In 1990 for-

U.S. R&D Expenditures in a Global
Context

Total rewarch and developm(nt (R&D) expenditures of
the United States continue to exceed those of its four clos-
est industrial competitors. (Sue figure 0-1.) However, two
of these countries, West Germany and Japan, contilme to
Outpace the United States in terms of R&D expenditures
as a percentage of gross national product (( 1NP). (See
figure 0-2.) Some other small industrial nations such as
Sweden also Outstrip the United States On this nwasure
of relative na.ional resources ckvoted to R&D.

In terms of economic competitiveness, a longstanding
trend continued: the United States spent a significantly
lower proportion of its GNP on nondefense R&D activi-
ties than did Japan and West Germany. (See figure 0-2.)
In 1989, Japan, West Germany, the United Kingdom, and
France together spent 12 percent more than the United
States on nondelense-rdated R&D activities. The bulk of
this increase is attributable to rapid growth in Japanese
nondefense R&D. (Se(' figure 0-3.)

R&D spending growth in the United States continued
to shAv. "Fhe ;werage annual increase in total l*.S. R&D
expenditures between 1985 and 1991 was estimated at
1.2 pvreent in constant dollars. The annual growth rate
from W80 to 1985 was 6.9 percent. The sharpest down-
turn appears in the estimates for dev('h)pment expendi-
turesa negative trend, in constant dollars, between

eign citizens accounted for about one in four graduate
students in these fields and for one in three doctoral
degree awards in these fields.

Public Perceptions of Science and Technology

As measured in the National Science Foundation's
biennial survey of U.S. public perceptions of sdence and
technology matters, U.S. adults remain strongly support-
ive of the scientific enterprise in general and of Federal
support for basic research in particular"even if it brings
no immediate benefits." The public did, however, express
increased concern about the use of animals in research.

U.S. adults exhibited mounting coneern about the
quality of science and mathematics education in U.S.
schools. There was a significant increase between 1985
(60 percent) and 1990 (71 percent) in the proportions
who felt that too little was being spent on education in
the United States.

Comparative data from the United States, Canada, and
the 12 countries of the European Community on public
knowledge about S&T show strikingly similar degrees of
knowledge. These new comparative data also indicate
that Americans and Canadians view science and technol-
ogy more positively than do Western Europeans.

Figure 0-1.
R&D expenditures, by country
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See p. 107 and appendix table 4-26.
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Figure 0-2.
R&D as a percentage of GNP, by country
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See p. 108 arid appendix tables 4-26 and 4-27.

1989

1988 and 1991. (See figure 0-1.) A similar but less accen-
tuated trend Occurred in applied research expenditures.
Only expenditures for bask' research llave continued to
grow. This growth, though, has been at a declining rate:
a 2.71wrcent increase in basic research spending is
estimated for 1990 to 1991. Bccause most academic R&D

Figure 0-3.
Nondefense R&D: foreign spending as a
percentage of U.S. sper.ding
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is basic research. the data also show a continuing slow
growth of expenditures for academic R&D,

The decline in R&D growth steins from policy shifts
in the two major sources of R&D funding-the Federal
Govvrmuent and U.S. Corporations. Reduced Federal

Figure 0-4.

U.S. R&D expenditures, by character of work
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I

NOTE: Data are preliminary for 1990 and estimated for 1991.

See p. 91 and appendix tables 4-4, 4-5. and 4-6.
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Figure 0-5.
Relative changes in Federal obligations for defense
and nondefense R&D, by character of work
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See p. 94 L:nd appendix table 4-8.
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priorities for military IMI) between 1)85 and 1991 result-
ed in shrinking support for defeww-relate(I deveh)pment
work and increases in nondefense bask. research. (See
figur( 0-5.) (..ompany-funded R&I). responding to the
general economic slowdown, is estimated to have leveled
off between 1989 and 1991. (See figure 0-6.)

Scientists and Engineers in the
Workforce

The United States continued to lead the world of
indusnial market economies in nonacademic scientists
and engineers per 10,000 people employed in the labor
force. (See figure 0-7.) "II( 1 nited States also kql in the
proportion of its science and engineering (S&E) labor
force that is female.

Figure 0-6.
Expenditures for industrial R&D, by source of funds
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See p. 91 and appendix table 4.2.
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Figure 0-7.
Nonacademic scientists and engineers per 10,000
labor force, by country and gender
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See p. 84 and appendix table 3-17.
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The 11.S. S&F, workforce in private industry continued a
long growth trend thronigh 1989 at an annual rate of almost
4 percent. Expansion of industrial S&E tmployment con-
filmed at a faster rate in nonmanufacturing ()rimarily ser-
vice) jobs than in manufacturing jobs. (See figure 0-8.)

Figure 0-8.

Growth in science, engineering, and total jobs in
private industry, by sector: 1980-89
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See p. 67 and appendix table 3-1
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Figure 0-9.
Private industry jobs in science and engineering,
by occupation and sector: 1989
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See p. 70 nd appendix table 3-1.
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The preporCon of SE jobs within the nonmanufacturing
sector increased fmm 1.2 percent in 1980 to 1.7 percent in
1989, resulthg in a nearly 50-percent increase in S&E job
opportunities in this sector during the ccade.

The increase in th(' S&E share ot mantifacturing jobs
was also siZiii)kfrOM 3.7 percent in 1 t)8() to 5.1 percent
in 1989, despite Ow overall decrease in total manufactur-
ing jobs during the period. (See figure 0-8.)

Employment patterns within 1..S. private industry
reveal trong twin tendencies (1) for stientists (except *life
sci('ntists) to be employed in nonmanufacturing compa-
nies, and (2) for enghwers (except civil engin(eN) to be
Inployed in manufacturing enterprises (See figure 0-).)

Scientific occupationssuch as mathematical and life
scientists and cc mputer specialistsand engineering
occupationssuch as aevonautical/astronautical and
dectrical/electronicgrew at a faster rate tlmn the aver
age for all occupations. (See figure 0-10.) Employment in
physical science occdptions grew less than U. percent
annually, while there was negative growth in social sci-
ence and chemica l. and industrial engineering jobs.

A significant shift in the employmod of doctoral
sientists and engineers from 1977 to 1989 caused an
increasing proportion of tlwm to be employed in indus-
try and a ckcreasing proportion to be emphiyed in col-
kges and universities. (See figure 0-11.)

Precollege Education in Math and
Science

The performance of U.S. schoolchildren on mathe-
matics and science tests has been tracked for over 20

Figure 0-10.

Rate of job growth in private industry, by occupational 4pecialty: 1980-89

TOTAL SCIENTISTS & ENGINEERS

Total scientists
Physical

Mathematical
Computer specialists

Life

Social

Total engineers
Aeronautical/astronautical

Chemical

Civil
Electrical/electronic

Industrial
Mechanical

Other

See p 70 and appendix table 31

111111111M11111M11111

1111MINIMMIENMEIVI

I=MEminimiliMEIMMEMEN

111111111.11111111111111111

MN

-1 0 2 4

Percent
10

Science & Engineering Indicators 7997



Science & Engineenng Indici.tors 1991 7

Figure 0-11.

Employed doctoral scientists and engineers, by sector of employment
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years in the National Assessments of Educational
Progress. The overall pattern in the two decades showed
a decline in test scores during the 1970s, followed by
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and science. By 1990, 17-year-ol] students had regained
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their performance levels of 1973 in nmthematics, but in
science they remained below their achievement level in
1969. (See figure 0-12.)

Minorities showed greater gains in test scores than
did whites during the two decades. In science, black and
Hispanic 9- and 13-year-old students showed gains

Figure 0-12.
Trends in average science and mathematics proficiency in the United States
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Figure 0-13.
Time spent on mathematics instruction
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betwcon 1970 and 1999, while 17-year-old minority stu-
dent S regained their t :ior levels of achievement. in
mathematics, Hispanic 9- and 13-year-olds made signifi-
cant gains from 1978 to 1999, while all three age groups
among Hacks made gains during the period.

Figure 0-14.
First university degrees, by field for selected
countries
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See p. 85 and appendix table 3,23.
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A new international comparative study of factors con-
tributing to science and mathematics test performance
sheds some light on findings reported in previous edi-
tions of Science & Engineering Indicators concerning the
relatively poor performance of U.S. children on these
international tests. Comparisons of first and fifth grade
classroom time dedicated to mathematics in schools in
Nlinneapolis, Sendai (Japan). and laipei (Taiwan)
showed that, on atwage, children in the two Asian cities
spent over twice the amount ol time on mathematics in
the classroom as did Minneapolis children. (See figure
0-13.) Other cultural and economic factors may also be
affecting behavior, but degree of exposure to subject
matter is an important variable.

Higher Education in S&E
A seeming pervasive anomaly in the United States is

the fact that it has the highest percentage of scientists
and engineers in its labor force (see figure 0-7), as well
as practically the lowest (less than 20 percent) propor-
tion among market eco!,on my countries of first university
degrees in S&I.: fields. (Se(, figure 041.) The root of the
situation lies in the magnitude of the higher educa-
tion enterprise and the high proportion of young adults
who participate in it.

Thew has been continuing cohcern Over the long-term
gradual decline in the choice of certain science majors
by college students. (See figure 0-15.) The growth
in majors in the computer sciences and mathematics
during the 1980-89 decadc overshadows the decline in
majors in the cow physical and life sciences. However,
data on the plans of freshmen entering college in 1989
and 1999 suggest that the level uf degn.es in the natural

Figure 0-15.
Annual change in science and engineering
baccalaureates, by field: 1980-89
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sciences, engineering, and computer sciences may be
bottoming out and might begin to increase in the early
1990s. (See figure 0-16.)

The decline in choice of S&E majors by U.S. under-
graduate students has been accompanied by a rapid
increase in the representation of non-U.S. citizens in
SM.: graduate enrollments and among S&E doctorate
degree recipients. In 1989, about one-quarter of all S&E
students enrolled in U.S. graduate S&E departments
were non4 J.S. citizens. Foreigners constituted about
one-third of the graduate students enrolled in the physi-
cal sciences, mathematics, and engineering. (See figure
0-17.) Among 1990 S&E doctorate recipients from U.S.
universities, the foreign presence was even more
marked-over one-third were non4 1.S. citizens. In engi-
neering, mathematics, and the computer sciences, the
majority of Ph.D. degree recipients (over 55 percent)
were non-U.S. citizens.

Research Outputs and Academic
Research

ihe percentage distribution of world sciethific publica-
tions by country shows that U.S.-based authors produce
slightly over one-third of all publications. (See figure
0-18.) This proportion has changed little over the last
two decades. Japan and Canada have made small and
possibly significant increases in their shares of world lit-

Figure 0-16.
Freshman choice of probable major

Probable major 1982 1984 1986 1988 1990

Percent
Biological sciences . . . 3.7 4.2 3 9 3.7 3.7
Engineering 12.6 11.0 10.9 9.5 9.6
Physical sciences'. 2.5 2.6 2.4 2.1 2.4
Social sciences 5.8 6.7 8.0 9.5 9.5
Computer cciences . . 4.4 3.4 1.9 1.7 1.7
Business 24.2 26.4 26.9 25.6 21.1

Education 6.0 6.5 8.1 9.3 9.9
Arls and humanities. . 8.2 7.7 9.0 9.3 8.9
One of the professions 13.3 14.1 11.7 12.2 15.2

'Includes mathematics.

SOURCE: Cooperative Institutional Research Program. University of
California at Los Angeles. The American Freshman: National Norms
(Los Angeles: Graduate School of Education, UCLA, ongoing annual
series).
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erature. A new tabulation shows the world share of the
European Conmmnity countries to be slightly more than
one-quarter.

The bulk of world scientific publications are written in
tiniversities, and [LS. mliversities have been able to
maintain a modicum of growth in their research expendi-
tures in recent years (lespite the overall slowdown in

Figure 0-17.
Foreign citizen representation in 1990 U.S. science and engineering graduate education
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Figure 0-18.
Contributions of selected countries/regions
to world literature
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See p. 130 and appendix table 5-27.
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res('arch funding. From 1985 to 1991, tlw annual rate of
increase of academic R&I ) expenditures was (1.3iwrcent,
but between 1990 and 1991 this rate shrank to 2.9 per-
cent. (See app('ndix table 4-3.)

The past di (..a(le has seen a significant decline in the
share c!. Federal funds for academic R&Dfrom roughly
(15 percent in 1980 to close to 55 percent in 1991. (See
figure 0-19.) There have been corresponding pert..entage
increases from several non-Federal sources including
academic institutions themselves, industry, and state and
local governments.

Non-Federal sources have also provided the lion's
share of the decade-long increase in academic invest-
Ments in R&D facilities construction and refurbishment.
(See figure 0-20.)

Technological Innovation and Global
Markets

Patenting is admittedly an imperfect indicator of tech-
nological innovation, yet it does provide a sense of the
In.nds in innovative activities. From about 1978 to 1988,
foreign-owned patents gradually increased their share of
total U.S. patentsaccounting for nearly half of all
patents granted in 1988. Between 1988 and 1989, how-
ever, patents granted to I '.5. inventors increased faster
than did foreign-owned patent grants. (See figure 0-21.)
Japanese-Owned patents continued to grow faster than
those owned by any other industrial nation; Japanese

inventors received just over 20 percent of all new 11.5.
patent awards in 1989.

Tlw strength of Japanese high-technology industry k
also reflected in data on country shares of global mar-
kets for high-tech goods. Between 1980 and 1988, Japan
increased its share of the global high-tech market from
about 18 percent to nearly 27 percent. The lInited States
and the European Community each lost about 4 percent-
age points of their respective global market shares in the
same period. (See figure 0-22.)

Trade balances in high-technology goods provide
another indicator of economic strength in various areas.
The overall pattern of trade balances between 1980 and
1988 mirrors the findings on couutry sharesthe Jap-
anese have tripled their positive trade balances, while th2
United States and the principal European cr untries have
greatly reduced their positive balances. France, in fact,
showed a negative balance for 1988. (See figure 0-23.)

Public Attitudes on Science and
Technology

The U.S. public continues to give overwhelming
approval to Fedend support for basic research, "even if it

Figure 0-19.
Sources of academic R&D funding, by sector
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See p. 117 and appendix table 5-2.
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Figure 0-20.
Federal and non-Federal capital fund expenditures
for academic science and engineering
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Figure 0-21.
U.S. patents granted to foreign inventors,
by nationality of inventor
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Figure 0-22.
Share of global high-tech markets, by country
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Figure 0-23.
Trade balances for high-tech industries in
selected countries
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Figure 0-24.
Federal funding of basic research
"Even if if brings no immediate benefits, scientific research which
advances the frontiers of knowledge is necessary and should be
supported by the Federal Government,"
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three np.tional U.S. surveys in 1985. 1988, awl 1990 are
remarkably stable. (See figure 0-24.)

The I S. public does, however, ('XI)I(A Ill increasing
concern iNith the quality of 17.S, science and mathematics
education in the schools. (See figure 0-25.) The public
increasingly believes the quality to be inadequate and
feels that high school students should be required to take
a science course every year. In a five-survey sequence
from 11181 to 1990. there was a more than 15-percentage
point increase in the proportion of the public that says the
Govc.rnment is spending too little on improving education.

The rapidly growing field of international comparative
surveys of public attitudes toward, and knowledge about,
science and technology is begiiming to yield important
findings. For example, the average level of scientific
knowledge, as measured by a battery of 10 factual ques-
tions about scicnce, was almost exactly the same in the
12 countries of tlu. European Coinmunity as in a national
U.S. survey. (See figure 0-2(i.) However, the United
States ranked below most of the advanced industrial
European nations, generally outstripping the lesser
developed countries of Etimpe.

Figure 0-25.
Public attitudes toward education
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Figure 0-26.
Scientific knowledge in Europe and the United States
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Precollege Science and Mathematics Education

HIGHLIGHTS

Student Achievement

In both science and mathematics, test scores on
national assessments showed improvements
throughout the 1980s. Achievement trends for 9-, 13-,
and 17-year-old students showed a pattem of declining
proficiency in the 1970s, followed by recovery in the
1980s. See pp. 17-20.

In science, the improvements 17-year-olds made
in the 1980s did not offset the declines during the
1970s. In 1990, average student proficiency anmng 17-
year-olds remained below that in 1969. Among 9- and
13-year-olds, recent gains returned performance to lev-
els students attained two decades ago. See pp. 17-18.

In mathematics, at ages 9 and 13, average student
proficiency as somewhat hiOer in 1990 than in
1973. Performance by 17-y:w-olds returned to its ear-
lier level. See p. 18.

White students had consistently higher average
achievements than their black and Hispanic coun-
terparts in both science and mathematics.
However, both minority groups made considerable
improvements compared to whites. See pp. 17-18.

The gains in student proficiency that occurred in
science and mathematics during the 1980s ap-
peared to be in lower level skills and basic con-
cepts. Nearly all sturknts were leaming basic facts and
skills, but few showed a capacity for complex reasoning
and problem-solving. See pp. 17-20,

North Dakota, Montana, Iowa, Nebraska, and
Wisconsin were the only states where one-fifth or
more of eighth grade students demonstrated a
grasp of mathematics problems involving frac-
tions, decimals, percents, and simple algebra.
These states were 'Among the highest scoring states to
participate in a 1990 state-level assessment. See p. 20.

U.S. high school senhrs showed an overall weak
grasp of geography. Males outperfornwd females by
a larger margin in geography than in any other sub-
ject tested. See p, 20.

In an assessment of mathematics achievement by
students in one American and two Asian cities, the
Americans were at a relative disadvantage in math-
ematics as early as grade 1. This finding indicates
that factors at home as well as at school must be respon-
sible for these differences in achievement. See pp. 21-22.

Student Interest in Science and Mathematics
Nearly 30 percent of all grade 7 students ex-
pressed a preference for a career in science or en-
gineering, but the percentage of students express-
ing this interest declined steadily throughout the
middle and high school years. By grade 12, fewer
than 1 in 4 male students and only 1 in 10 female stu-
dents expressed similar interests. See p. 24.

Of high school seniors scoring above the 90th per-
centile on the quantitative Scholastic Aptitude Test
in 1990, about 45 percent expressed an interest
in majoring in science and engineering in college.
This finding shows that science and mathematics con-
tinue to be of considerable interest among top high
sclmol students. See p. 23.

Student Coursework

Four times as much time was spent on reading
inst.uction as was spent on science instruction in
elementary school. Only half of all third graders
received science instruction on a regular basis. Twice as
much time was spent on elementary mathematics
lessons as on science. See p. 27.

Largely as a result of states raising their gradua-
tion requiremenz, the number of credits earned
in science by high school graduates increased dur-
ing 1982-87. Recent data show that enrollnwnt in
biology continued to increase, while enrollment in
chemistry and physics leveled off. See P. 25.

Mathematics coursetaking continued to increase
from 1987 to 1990 in algebra, algebra 2, and cal-
culus. However, fewer than half of all high school grad-
uates took algebra 2. See pp, 25-26.

Teachers and Teaching

In middle schools, science teachers felt less
qualified to teach their subjects than their col-
leagues teaching mathematics. Fewer than half of
all middle school biology teachers and about one-fifth
of physical science teachers felt they were teaching
the subject for which they were best qualified. Two-
thirds of mathematics teachers felt they were teaching
their best qualified subject. See p. 31.

About 40 percent of middle school biology teach-
ers majored or minored in that subject in co/lege,
con ipared with about 30 percent of middle scluml teach-
ers of physical science and mathematics. See p. 31.
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Less than half of all high school physical science
teachers felt they were assigned to classes in the
subject they were best qualified to teach, compared
with about three-quarters of biology and mathematics
teachers. See p. 32.

The Policy Context
Educational reforms increasing high school
graduation requirements have exerted a power-
ful influence on schooling. A study of six states

Introduction

Chapter Focus

Traditionally. American education has pursued several
goals: developing intelligent and knowledgeable citizens,
creating a skilled workforce, and ensuring fairness in
access to education. Today, our educational system faces
special challenges in achieving each of these goals.
Citizens now need a basic understanding of science, for
example, to make well-informed decisions about a vari-
ety of public policy areas.questions about health and
related fields. such as those raised by research into our
genetic inheritance: co,icerns about global warming and
other en,ironmental issues; and choices about explo-
rations ranging from the atom to near-earth and outer
space.

;n the past, zi r(latively small number of highly skilled
scientists and engineers flowing through the education
and career "pipeline" were en(nigh to maintain 11.S. pre-
eminence in science and technology. Today, the econo-
my requires that rank and file workers in many indus-
tries possess the skills and abilities necessary to operate
complex equipment and machinery and solve production
problems as they arise. Today's production workers no
longer simply wield tools; they also monitor quality, look
for problems, repair complex equipment, and plan work
loads and procedures. Office workers manipulate high-
tedmology machines and handle large amounts of infor-
mation (MSEB 1989, p. 3).

The requirements (if today's economy make du, need
for fair access to education particulaly acute. Both the
entry-level workforce and the school population are com-
posed Of increasing proportions of women and minori-
ties. groups that traditionally have not participated at a
high rate in science and mathematics education and
occupations.

White women comprise only 10 percent of all em-
ployed scientists and engineers, although they account
for 13 percent of the 17.5. population ffask Force 1989).
Women appear to leave the pipeline by choice. As girls
progress through the precollege science and mathemat-
ics curricidum. they differ little from boys in participa-
tion or achievement until the upper grades. when many
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found that reforms have led to different course offer-
ings in science and mathematics, new oursetaking
patterns, more attention to the knowledge and skills
addressed by high school exit examinations, and
adjustments in teacher assignments. See p. 39.

Implementation of state and local policies to in-
crease the teaching of higher order thinking and
analytical skills has been inhibited by lack of
school resources for staff development and for sci-
ence laboratory facilities and equipment. See p. 39.

of them decide to drop out of the higher levo.l courses
such as physics and calculus. Studies of gender differ-
ences suggest that most of these decisions are due to
the accumulated effects of gender role experiences at
home, in school, and in society (NRC 1989).

Blacks comprise 12 percent of the population and
Ilispanics 9 percent, but each group represents only 2
percent of all employed scientists and engineers. By the
year 2000, (me in every throe American students will be
a minority; by 2020, if current trends continue, today's
minorities will become the majority of students in the
Tnited States. Many of these minorities turn away from

science and mathematics courses early in life, partly
because most go to large city schools and schools in
impoverished areas where they receive an inadequate
basic education, including poor instruction in science
and mathematics (NRC 1989).

The schooling experiences of minorities play a sub-
stantial role in their decision to leave the pipeline. At the
elementary level, the large majority of schools serving
disadvantaged students treat only two subjects rigor-
ouslyreading and arithmetic (National Center for Im-
proving Science Education 1989). Disadvantaged stu-
dents therefore fall behind more advantaged students
who are exposed to more rigorous academic subjects
such as science and mathematics. At the secondary

a large proportion of disadvantaged students decide
to enroll or are placed in low-ability tracks or remedial
programs that require few college preparatory courses
(Oakes 1990a).

Each of these issues is addressed in the sections that
follow.

Chapter Organization

In response to a request in 1983 by the National Sci-
ence Board Commission on Precollege Education in
Mathematics. Science, and Technology, the National
Science Foundation (NSF) supported a number of
projects to identify and develop systematic and objec-
tive indicators of the quality of precollege education in
the United States. The RAND Corporation developed
One such set of indicators and the National Academy
of Sciences/National Research Council (NAS/NRC)
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developed another (Shave lson et al. 1989 in(l 1987,
Raizen and Jones 1985, an(I Murnane and Raizen 1 )88).
These efforts nmdeled the science and mathematics
education system in terms of inputs, processes, an(1
outcomes. Specifically, the RANI) model, for example,
identifies the following components as the major
domains of the education system:

Outcomesstudent achievement, participation, and
attitudes and aspirations;

Processesschool quality, curriculum quality,
instructional quality, and teaching quality; and

InPutsliscal an(l other resources, teacher quality,
and student background.

The RANI) model and others agreed that the primary
goal of instruction in science and mathematics is student
learning. The most explicit student outcome, and One
that can be tied most closely to schooling variables, is
the knowledge, understanding, and skills gained by stu-
dentsthat is, student achievement in science and math-
ematics. The input and process variables selected for the
models were those that have sonw causal relationship to
student outcomes.

In addition, the RAND model recognized that the larg-
er policy environnwnt in which schooling occurs pro-
foundly influences educaticn in a variety of ways and
nmst be taken into consideraion in attempting to explain
changes in the major components of schooling. Federal,
state, and local policies largely determine the level an(l
type of resources available to education, and these poli-
cies also influence who is allowed to teach, what content
is taught, and even how it is taught.

Overall, this chapter follows the general framework of
the RANI) and NAS/NRC models. It emphasizes student
outcomes and discussions of the major issues related to
schools and curricula and teachers. The chapter ends by
putting these components of the educational system
model in a policy context. Specifically, it provides an
overview of national and state-level education reforms
undertaken recently and their status and success to date.

Students: Achievement, Interest, and
Coursework

At the Education Summit in 1989, the President and
the governors expressed concern about the country's
ability to compete in the global economy and affirmed
their commitment to equipping all U.S. children with a
basic understanding of science, mathematics, and other
subjects. A major result of this summit was the adoption
of six ambitious education goals to be accomplished by
the year 2000, three of them relating directly to science
and mathematics achievement and literacy:

American students will leave grades 1, 8, and 12
with demonstrated competency in challenging sub-
ject matter including English, mathematics, sci-
ence, history, and geography; and every school in
America will ensure that all students learn to use
their minds well, so they may be prepared for
responsible citizenship, further learning, and pro-
ductive employment in our modern economy.

LS. students will be first in the world in science
and mathematics achievement.

Every American adult will be literate and will pos-
sess the knowledge and skills necessary to compete
in a global economy and exercise the rights and
responsibilities of citizenship.

National Assessments of Educational
Progress, 1970-90

Student achievement is measured by performance on
national tests in special areas such as science, mathemat-
ics, and geography. For more than 20 years, the National
Assessment of Educational Progress (NAEP) conduct-
ed by the Education Commission of the States and, later,
by the Educational Testing Service with the sponsorship
of the National Center for Education Statisticshas
been monitoring the educational achievement of
American students and changes in that achievement
across time. The results of the NAEP assessments have
raised national concern about the level of student knowl-
edge in science and mathematics. The latest NAEP
results, for 1990, showed that many students appear to
be graduating from high school with little of the science
and mathematics knowledge required by the fastest
growing occupations or for college work, For example,
approximately half of the students in grade 12 graduat-
ing frem sr' ool today appear to have an understanding
of mathematics that does not extend much beyond multi-
plication and two-step problems (5th grade level)
(Mullis et a). 1991b, p, 7). In addition. a series of interna-
tional studies confirmed the low achievement level of
J.S. students, showing that h J.S. students in 8th grade

mathematicsand even advanced 12th grade mathemat-
ics and science studentsperfOrmed substantially below
the levels of students in many other advanced counnies.

In 1990, NAEP tested national ..amples of 9-, 13-, and
17-year-olds in science and mathematics. The 1990
results allowed NAEP to perform a 20-year trend analy-
sis drawing on six assessments in science (1970, 1973,
1977, 1982, 1986, and 1990) and a 17-year trend analysis
drawing on assessments in mathematics (1973, 1978,
1982, 1986, and 1990). Also, for the first time, eighth grade
student proficiency in mathematics was assessed in a Trial
State Assessment Program that included 37 states, the
District of Coluinbia, Guam, and the h J.S. Virgin Islands
(Mullis et al. 1991a and 1991b).
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Science Achievement
NIEI) assessments suggest that science adlievement

levels were about the same in 1990 as they were in 1970.
Levels of performance in the six assessments varied,
however, Over the 20-year Span. Average scores declined
somewhat in the 1970s and increased in the 19tills. Yet
among 17-year-oldsunlike 9- and 13-yearoldsscietwe
pcdOnnance did not return to the kvel achieved in 1970.
(So. figure I-1.)

Achietaement by Minorities. Average science profi-
ciency zvhong blacks and Hispanics remained far below
that %.1.4,1 in' St udents. However, from 1977 to 1986, the

differen bvmeen minority and white students mir-
rowed. For example, from 1977 to 1986, the difference
between black and white 9-year-olds declined from 55
oints to 36 points, frorn to 38 points for 13-year-olds,
and from 58 to ,15 points for 17-year-olds. In 1990, the dill
ference between white i.nd black students remained
about the same as in 1986. In ail three age groups. gains
by black students during the last .1 years were slightly
less than those by whites. Among Ifispanic students in
all three age groups, gains in student achievement from
198( h) 1990 were nearly i(entical h) those of white stu-
dents. Figure 1-2 shows 1990 science proficiency by the
three groups,

Achievement by Females. In 1990, the average sci-
ence perfonnance of females in all three age wimps was
lower than that of males, continuing a trend that had exist-
ed since the first assessment in 1970. (See figure 1-3.) The
difference between males and females in science
achievement remained about the same over the two
decades. At age 17, the differences were greater than at
ages 13 or 9. For 17-year-olds, trends in performance
were comparable for males and females, with both show-
ing declines from 1970 to 1982, followed by improve-
ments from 1982 to 1990. For 13-year-okls, average

Figure 1-1.
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Figure 1-2.
U.S. average science proficiency,
by race/ethnicity: 1990
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scores of both males and females declined from 1970 to
1977 and then increased significantly from 1977 to 1990
to reach levels approximately equal to those in 1970. For
9-year-o1ds, the science proficiency of males in 1990 was
at the same level as in 1970, but significant improve-
ments for females from 1986 to 1990 raised their profi-
ciency to a level somewhat higher than in 1970. (See ap-
pen(lix table 1-1.)

Level of Student Proficiency in Science
The NAEP science scale developed by the Educational

Testing Service extends from 0 to 500. To aid interpreta-
tion of the scores, a group of science subject experts
examined the test questions answered successfully by
students scoring at each of five different levels. The
experts described each of the levels in terms of what a
student km m/s or can do in science. (See text table 1-1
and appendix table 1-2.)

a

Figure 1-3.
U.S. average science proficiency, by gender: 1990
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Text table 1-1.
Overall science proficiency: 1990

Age
Level Description 9 13 17

Percent

150 Knows everyday science facts... 97 100 100

200 Understands simple scientific
principles 76 92 97

250 Applies basic scientific
information 31 57 81

300 Aiialyzes scientific procedures
and data 3 11 43

350 Integrates specialized
scientific information 0 0 9

See appendix table 1-2. Science & Engineering Indicators -1991

ln general, students performed well On questions
about scientific facts (level 156), particularly if the ques-
tions involved information likely to be encountered in
everyday experience. However, performance levels
decreased as students encountered questions that asked
them to analyze, evaluate, apply, or otherwise d('al with
nu)re complex and detailed informati( n (Mullis 19!)1b).

From 1977 to 11190, increasing percentages of 9- and
13-year-olds were able to understand simple scientific
principles (level 200) and apply thel ;. scientific knowl-
edge (level 256). (See appendix table 1-2.) Ihmever. 17-
year-olds made virtually no progress in scientific profi-
ciency at any level. Fewer females than males were able
to perform at the highest two pmficiency levek, and
fewer than 1 in 1() 17-year-olds denlonstrated the highest
level of science understanding.

In summary. some r.rogress occurred from 1977 to
19!)0 in the percentages of and 13-year-old students
who perfomed at Or ahoy', the three lower levels On tlw
proficiency scale. However, 17-year-olds showed little
progress it any scale level, and their ability to integrate
specialized scientific information remained low.

Mathematics Achievement
Tnquis in student achkwement levels in mathematics

were sinfilar to trends in science achievement. Declines
in the 1976s were followed by increases in the 1986s. By

1990, average mathematics proficiency among 9-year-
olds was significantly higher than in 1973: among 1:;- and
17-year-olds, perlonnance surpassed or returned to earli-
er kwels. (See figure 1-4.)

Achievement by Minorities. Between 1973 and
1990. white, black. and Hispanic 9-yearolds all slmwed
significant improvement in average mathematics profi-
ciency. with nluch of Ihis improvement occurring
betwe(n 1!)86 aiul l!NO. (See appen(lix table 1-I.) At age
13, black and Hispanic students made sigifilicant gains
following 197:I. with most oI the improvement occurring

Figure 1-4.
U.S. average mathematics proficiency
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het wi "en 1978 and 1986, while perf(wmance of white 13-
year-old students remained relatively consistent across
the assessments. Among 17-year-olds, blacks gained sig-
nificantly, raising their scores about 19 points between
the first &;sessment an(l n)96. Ilispanic 17-year-olds
made nlodest gains during the 1!)8(1s, wIfile wIfites com-
pensated for decliiws in the 197fis with small gains that
return('d them in 1990 to their original 1 )73 proficiency
level.

Thus, black students made significant progress at all
ages, Hispanic students improved significantly at ages
and 13, and white students made significant gains at age
9. Although black and Hispanic studimts narrowed the
gap shown in previmis matImmatics assessments be-
tween their performance and that of white students,
these differences remained large in 1996 in all three age
groups. (See figure

Figure 1-5.
U.S. average mathematics proficiency,
by race/ethnicity: 1990
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Figure 1-6.
U.S. average mathematics proficiency,
by gender: 1990
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Achievement by Females. Both female and male 9-
year-okls made significant gains between 1973 and 1990,
with most of the improven.ents wcurring during the
1980s. (See appendix table 1-4.) Male and female 9-year-
old students showed approximately the same level of
mathematics proficiency in all of the assessments from
1973 to 1990. Thirteen-year-old males and females also
showed improvements between 1973 and 1990, but their
progress was gradual. Virtually no difference separated
4he levels of performance by the two groups in any of the
assessments. Among 17-year-olds, the performance of
males improved during the 1980s, but did not return to
the level of 1973. Trends for females showed the same
patterns as males, but their gains were somewhat larger
during the 1980s. As a result, the slight performance gap
between male and female students at age 17 nearly dis-
appeared between 1973 and 1990. Furthermore, as
shown in figure 1-6. the difference in scores between
males and females at any age group is minimal.

Level of Student Proficiency in Mathematics
As in the science NAEP assessments, five levels of

mathematics proficiency were established, in this case
by a team of mathematics educators. (See text table 1-2
and appendix table 1-5.)

In the 1990 assessment, while the average 9-year-old
student scored at about the expected level, scores for
older students averaged substantially lower than the
expected levels (Mullis, Owen, and Phillips 1990). The
fact that the average student gained more between ages
9 and 13 (41 points) than between ages 13 and 17 (34
points) suggests that the 11.5. mathematics curriculum
facilitates more learning in the lower grade', (See
appendix table 1-5.)

Significantly greater percentages of 9-year-olds
showed proficiency in beginning skills and understand-
ing and in basic operations ;Ind beginning problem-solv-
ing in 1990 than in previous assessments. (See appen(lix
table 1-5.) These improvements in mathematics profi-
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ciency occurred in all three racial/ethnic groups and
among both males and females. Gains were especially
noteworthy among blacks. (See appendix table 1-6.)

Thirteen-year-olds as a group made significant gains in
basic operations and beginning problem-solving: three-
fourths performed at Jr above this level in 1990 com-
pared to under two-thirds in 1978. Girls improved their
proficiency, and by 1990 they performed at about the
same level as boys. Large gaps in performance still sepa-
rated whites and minorities in 1990, but minorities had
made substantial gains. Compared to 1978, 20 percent
more blacks and 21 percent more Hispanics were
demonstrating proficiency in 1990 with basic owrations
and beginning problem-solving.

Of 17-year-olds in 1990, almost all (96 percent) were
able to solve exercises involving basic operations and
be&ning problem-solving. This performance repre-
sented a significant improvement from 1978, when only
92 percent reached this level. Also, 56 percent of the 17-
year-olds demonstrated a grasp of moderately complex
procedures and reasoning, compared to 52 percent in
1978. Minority gains at this proficiency level were pro-
nounced. Hispanics who demonstrated proficiency with
moderately complex procedures increased from 23 per-
cent in 1978 to 30 percent in 1990. The percentage of
blacks virtually doubledfrom 17 percent in 1978 to 33
percent in 1990. However, no group showed improve-
ment in proficiency with multi-step problem-solving and
algebra.

NAEP analysts found several encouraging aspects to
the 1990 mathematics assessment findings. First, virtually
all students showed givas in basic mathematics under-
standing, a result that was maintained and even improved
slightly across the assessments. Second, all three ages
showed significant increases in the percentages reaching
the middle levels on the scale. Third, this phenomenon
was most clearly evident in the trend results for black and

Text table 1-2.
Overall mathematics proficiency: 1990

Age

Level Description 9 13 17

Percent

150 Simple arithmetic facts 99 100 100

200 Beginning skills and
understandings 82 99 100

250 Basic operations and beginning
problem-solving 28 75 96

300 Moderately complex procedures
and reasoning 1 17 56

350 Multi-step problem-solving and
algebra 0 0 7

See appendix table 1-5. Science & Engineering Indicators 1991
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Hispanic students at all ages. Finally, the trends by gen-
der showed systematic and generally equivalent rates of
progress, with females narrowing the gap that existed at
age 17 and at the higher scale levels.

On the other hand, concerns continue because few
students demonstrated proficiency at the highest level
and because trends across time show no increase in the
percentage of students learning more advanced material
(Mullis et al. 1991b, p. 102).

State-Level Student Achievement. As part of the
1990 NAEP, states and territories could, on a voluntary
basis, participate in the mathematics assessment of
eighth graders) The 1990 Trial State Assessment
Program results showed that eighth grade stucknts in 11
states scored an average of 270 points or higher. (See
appendix table 1-7.) Eighth grade students in North
Dakota attained the highest average score of 281, but
North Dakota, Montana, Iowa, Nebraska, Minnesota,
and Wisconsin had similar overall average proficiency.
These six states also were the only ones where one-fifth
or more of their eighth grade students demonstrated a
grasp of problems involving fractions, decimals, per-
cents, and simple algebra (level 300). Other states with
relatively high average proficiency scores were New
Hampshire, Idaho, Wyoming, Oregon, and Coniwcticut.

Considerable differences in overall average mathemat-
ics proficiency separated eighth grade students in the
higher performing states from those in the lower scoring
states. The higher performing states tended to have
fewer students in cities with large populations, fewer stu-
dents in free lunch programs, smaller percentages of
black an.1 Hispanic students, smaller percentages of stu-
dents with both parents at home, and smaller percent-
ages of students watching 6 or more hours of television
each day. Higher performing states also tended to be in
relatively less densely populated areas. The lower per-
forming states tended to be in the Southeast.

Geography Achievement
As previously indicated, a national education goal iden-

tified by the President and the Nation's governors is
demonstrated student competence and understanding in
geography. In 1988, the NAEP Center of the Educational
Testing Service tested high school seniors on their know-
ledge of four areas of proficiency in geographylocation
and place, skills and tools, cultural geography, and physi-
cal geography. The assessment results showed that,
overall, U.S. high school seniors had a weak grasp of
geography.

Students were nmst proficient in locating major coun-
tries. For example, 87 percent could identify Canada on a

'Altogether. :17 states, the District of Columbia. Guam, imd l'.S.
Virgin Ishinds participated in the mathematics assessment.

It88 geography assessment (Allen et al. 199M was based on a
national probability samplv of more than 300 public and private
school!: across the l!nited States,

world map; 87 percent also knew wlwre the Soviet Union
was located. But when they were asked to identify cities
anu land features, only 58 percent could locate Jeru-
salem on a regional map, and just 36 percent knew that
Saudi Arabia borders on the Persian Gulf and the Red
Sea. (Note that this study was conducted before the Gulf
War.)

Students also did not do well on questions testing geo-
graphy skills and tools. For example, when shown a dot
map of population distributions in Europe, India, China,
and Japan, almost one-quarter of the test-takers indicated
that the map represented abundanci; of mineral deposits;
only one-half recognized that the map represented popu-
lation concentrations.

Students performed relatively well on questions involv-
ing cultural geography, particularly when the questions
related to events and locations featured in the iwws. Thus,
79 percent appeared to understand the primary way to
control acid rain, and 69 percent identified a risk to the
environment resulting from the use of pesticides. Scores
declined, however, when questions probed for more
indepth understanding. Only 59 percent recognized the
consequences of cutting down the rain forests, and only
53 percent identified a cause of the greenhouse effect.

Finally, in terms of physical geography (climate,
weather, tectonics, and erosion), most students could
recognize major features, but a surprisingly large minor-
ity could not. For example, only about two-thirds of the
students knew the cause of the Earth's seasons, and just
three-fifths recognized evidence of faulting in a cross-
sectional drawing depicting a sharp fracture in the
Earth's crust.

Achievement by Females and Minorities. Signifi-
cant disparities in geography proficiency existed be-
tween white students and their black and Hispanic coun-
terparts. Whites scored an average of 43 points above
blacks and almost 30 points above Hispanics. The aver-
age performance of 12th grade males was about 16
points higher than that of their female classmates (Allen
et al. 1990). Of the subject matter performance assess-
ments conducted by NAEP in 1986 to 1988, the largest
gap between average performance of males and females
was in geography.'

Geography Coursework. As part of the 1988 geogra-
phy assessment, students were asked to report on their
geography coursetaking and the extent to which they
had studied in class the topics covered in the assessment.
The information received suggested two conclusions:

Overall, geography was not emphasized in U.S.
high schools.

As the amount of time devoted to tlw study of spe-
cific topics increased, student performance in these
topic areas also rose (Allen et al. 1990).

'National assessments were cora:laded (luring 19Ni-88 in reading.
mathematics. science, l'.S. history. civics. iind geography.
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The first conclusion is borne out by an analysis of high
school transcripts (Westat 1988). Analysis showed that
only 16.5 percent of all high school graduates had earned
at least 0.5 credits in geography in 1987, approximately
the same' percentage' of graduate's as in 1982. Also, in a
survey conducted in 1988, only nine states reported that
they required students to take a geography course before
they graduated from high school (CCSSO 1988).

International Context of Achievement
International comparisons of science and mathematics

achievement have consistently found that students in
Japan, Korea, and Hong Kong scored far above U.S. stu-
dents in middle school or high scho:A (McKnight et al.
1989 and Lapointe, Mead, and Phillips 1989). Studies
examined difference's in school coverage' of the test top-
ics and found that Asian countries covered more of these
subjects in school than did the United States. However,
not all of the differences in student performance could
be attributed simply to classroom coverage of test topics.
Other factors were also found to be important, as
described below.

A recent study assessed children's mathematics
achievement in the first and fifth grades in three large
metropolitan areas: Sendai, Japan; Taipei, Taiwan; and
Minneapolis, Minnesota. The r'searchers tested stu-
dents' cognitive abilities, observed them and their teach-
ers in classrooms, and interviewed the children and their
mothers and teachers.

The researchers examined the children's achievement
in relation to three major factors: their intelligence, their
experiences in school, and their experiences at home.
Based on a battery of cognitive tests, the researchers
found no evidence that children in the two Asian cities
were more intelligent than those in Minneapolis. They
did find, however, that Minneapolis children were at a
relative disadvantage in mathematics as early as the first
grade. Because these differences in performance
appeared so early in children's schooling, researchers
concluded that factors at home as well as at school must
be responsible for them. Upon further analysis of the
study results, the researclwrs identified several factors
that appeared to underlie' the relatively poor mathemat-
ics performance of Minneapolis children; these are
described below.

Time Devoted to Academic Activities. There were
significant differences in the amounts of tirae given to

'This study was conducted with 1,440 students attending elenwntaty
sclmols in the three cities (21)) Iirst graders and 240 fifth gra(kr in

each city). Tlw children were selected from 20 classrooms at each
grade in each city and constituted a representative sample of children
from these classrooms. In a followup study, first graders were saidied
again when they were in die fifth gratle. The children were tested with
achievement tests in mathematics and reading constructed specifically
for this study, the children and their mothers were interviewed, the
chiklren's teachers filk'd out a questionnaire, and interviews were held
with the principals. In the followup study, achievement tests were
administered, and the childwn an(h their mothers were interviewed.
For ntore information. sec St even SW) and Shin-Ying ( 1 990),

21

academic activities in classrooms in the' two Asian cities
and in Minneapolis. The percentage of time' so devoted
in Minneapolis classrooms was 64 percent, compared
with 87 percent in Sendai classrooms and 92 percent in
those in Taipei. Minneapolis fifth graders averaged 20
hours a week on classroom academic activities; fifth
graders in the two Asian cities spent 33 and 40 hours,
respectively, on such activities.

In Minneapolis classrooms. More of this academic
time was dedicated to reading and language arts than to
mathematics.' In the first grade, 2.7 hours were spent on
mathematics instruction in Minneapolis compared to 4.0
hours in Taipei and 5.8 hours in Sendai classrooms. In
the fifth grade, 3.4 hours of mathematics we're taught in
Minneapolis classrooms compared with 113 hours in
Taipei Inel 7.8 hours in Sendai. Thus, on average, chil-
dren in the two Asian cities spent over twice the' amount
of time' on mathematics in the classroom as did Minne-
apolis children. (See figure 0-13 in Overview.)

Mothers' Goals and Standards for Academic
Achievement. Unlike the mothers surveyed in the two
Asian cities, Minneapolis mothersalthough interested
in their children's educationwere less prone to require
their children to denumstrate high levels of academic
achievement. Minneapolis mothers generally became
dissatisfied only when their children's school perfor-
mance was well below average. On the other hand, aca-
demic performance dominated the attention of mothers
in the' two Asian sites, although they focused their con-
cerns on different aspects of achievement. Sendai moth-
ers, recognizing that grades have little relevance in
Japan in gaining admission to prestigious schools, were
most concerned that their children learn the information
necessary to pass entrance examinations. For their part,
mothers in Taipei viewed high grades as the primary
measure of success in elementary school.

Children's Perceptions of Their Own School
Achievement. In self-ratings of how well they were
doing in their mathematics schoolwork, Minneapolis
children tended to give themselves the highest ratings,
but they actually did less well on achievement tests of
mathematics ability than the children in Taipei and
Sendai. In ratings of their mathematics achievement in
school, Sendai and Taipei fifth graders tended to rate
themselves as near average, while Minneapolis fifth
graders gave' themselves the' highest ratings.

In this regard, sonw of the strongest correlations ob-
taMed in the' study were between the children's ratings
of how good they thought they were in a subject and
how much they liked the subject. Chihlren clearly liked
the subjects in which they thought they we're doing well
and disliked the subjects in which they thought they

'These same priorities are favored by American parents who may
not appreciate the inpnlance of mathematics in their children's later
education and work. In interviews. Anwrican mothers cited reading as
the 5ubj(q1 that should receive increased emphasis in school,
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were doing poorly. Why (lid the children in Minneapolis
like mathematics and believe that they were good at it?
Tlw researchers concluded that the answer seemed to
be that the mathematics curriculum in Minneapolis
schools was easier than those of the two Asian cities.
Anal!tses of mathematics textbooks used in the three
cities seemed to support this conclusion. For examph.,
mathematics concepts tended to be introduced some-
what earlier in Sendai than in Minneapolis schools.

Roles of Mothers. The researchers gained tlw
pression that Minneapolis mothers were dedicated to
their children's development during their preschool
years but that they abdicated some of their responsibili-
ties to the teacher once the children entered sclmol.
This tendency was the opposite of what occurred in
homes in the two Asian cities. In all three cultures, the
preschool years were a time of freedom and indulgence,
and there was no great concern about the child's learn-
ing academic skills. But from the time that the child
entered school in Taipei and Sendai, the child, the moth-
er, and the teachers began the serious task of education.
The more years the child was in sch(ml, the stronger the
emphasis on academic activities became. On the other
hand, for the children in Minneapolis, the transition into
elementary school was less notablefrom the time that
they entered school, their lives were not encumbered by
strong demands for academic excellence or homework,
and there was little increase in demands during the 6
years of elementary school.

Ability Versus Effort in Student Accomplishment.
Minneapolis mothers identified individual ability as one
of the most important factors in academic performance. In
contrast, mothers in the two Asian cities emphasized
effort over ability in academic achievement. In other
words, parents of schoolchildren in Minneapolis held that
children of high ability need not work hard to achieve and
that children of low ability would not achieve regardless of
lmw hard they worked. The Asian parents. on the other
hand, considered effort and self-discipline essential to
accomplishment.' The researchers concluded that when
parents believed that success in sch(x)1 depended ithwe on
ability than hard work, they were less likely to foster par-
ticipation in activities related to academic achievement,
i.e., requiring that their children spend time on lmmew(wk
and pailicipate in after-school scholastic activities.

Not surprisingly, the children in the two Asian sites
spent considerably more time on homework at both the
first and fifth grade levels than the Minneapolis
schoolchildren (Stevenson et al, 19)0). According to esti-
mates made by mothers of the schoolchildren, Sendai

re*.4.t'art'llta'..: mood in rvidcnci, ii ...chools in Japan and I iiv;iii
id grouping of students within grades accordim 10 11111 01 ;thinly iir

lere ,41/1'Cial edtication teachers or special classy. tor slmv learn-
ers. The researchers concluded that the Asian leachers sincerely
believed that all children at the elententary h'vel were capable of mas-
tering the curriculum and Mat academic success %vas vithin the grasp
ol ;ill children if they applied themselves to their schoolwork
I5tevenson ct al. 119to,

first graders spent nmre than 4 times as much time
doing homework as first graders in Minneapolis; chil-
dren in Taipei spent 10 times as much as the Min-
neapolis children. At the fifth grade level, Sendai chil-
dren still spent over 50 percent nu we thne and Taipei
chiklren spent over 336 p(Tcent more thne than did their
Minneap(dis cminterparts. (See figure 1-7.)

Top Mathematics Test Scorers
Although overall trends in science and mathematics

interests and coursetaking are useful, the science and
engineering (S&E) preferences of talented high scluml
students are pailicularly significant because these individ-
uals repnsent a major source of future scientists and engi-
neers. This section examines data on the proportion of
top-scoring high school seniors (i.e., those scoring above
the 90th percentile on the quantitative Scholastic Aptitude
TestSAT) who intend to pursue a college major in sci-
ence, mathematics, or engineering. Although many high
school seniors change their major field of study after they
enter college, the SAT data serve as an approximathm of
Imw well the S&E professions are attracting high school
seniors (( ;randy 1990a, p. 4). Generally, the decision not
to major in an S&E field means that students will not con-
timie to acquire the skills necessary to move into these
fields at a later tinw.

Of high school seniors who scored above the 90th per-
centile on the SAT quantitative exam in 1990, about 46
percent intended to major in S&E fields in college. (See
figure 1-8.) By gender, 55 percent of all top-scoring
males and 38 percent of top-scoring females planned to
pursue an S&E major. Engineering was the S&E field
selected by the largest proportion of top-scoring stu-
dents regardless of gender, accounting for one-fifth of
the total.

Figure 1-7.
Mothers' estimates of time spent by their children
on homework

Mean number of minutes per week
900

800

700 -

600

500

400

300

200

100

Minneapolis. MN

Sendai. Japan

El Taipei. Taiwan

50

220

500

775

Grade 1 Grade 5
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Figure 1-8.
Intended majors of high school seniors scoring above the 90th percentile on the mathematics SAT: 1990
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See appendix table 1-8.

Overall, the proportion of top-scoring students intend-
ing to major in S&F, fields increased by 6 percentage
points from 1977 to 1990. (See appen(1ix table 1-8.) From
1977 to 1987, interest in an engineering major increased,
rising from 14 to 23 percent. Concurrently, interest in
majoring in science fields declined until 1986, from 27 to
23 percent. Beginning in 1986, however, these trends
began to reverse: interest in science and mathematics
grew while interest in engineering dropped slightly. A
precipitous drop occurred in the number intending to
major in the computer sciences; interest in this field
declined from a peak of 10 percent in 1983 to 3 percent
in 1990.(See figure 14,'.) In non-S&E fields, business
grew the most significantly, from 7 percent in 1977 to 15
percent in 1989.

Over these years, fewer top-scoring examinees indi-
cated that they were undecided about their major field.
In 1977, more than one-third of these students said that
they were undecided about their college major, com-
pared with 29 percent in 1984, and 19 percent in 1990.
Thus, the growth in interest in some fields reflects a
greater tendency for students to choose a field at all.

Disaggregating the data by gender and racial/ethnic
group reveals that over this period groups traditiomilly
underrepresented in engineering were showing increas-
ing inWrest in this field. (See appendix tables 1-9, 1-10,
1-11, and 1-12.) For example, the proportion of top-scor-
ing black females intending to major in engin. .Ting dou-
bled from 7 percent in 1977 to 14 percent in 1990.
Similarly, black males interested in an engineering major

k
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Figure 1-9.
Trends in intencicci majors of high school seniors
scoring in the 90th percentile on the mathematics
SAT
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increased from 21 to 34 percent over the same period.
The comparable portion of white females rose from 5
percent in 1977 to 9 percent in 1990.
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ences that result from ,:isparate social and economic
backgrounds" (EFS 198), p. 17).

Enrollment Trends Over Time. Over the 25 years
between 1965 and 1990, course enrollments in high
school science and mathematics increased significantly
following an initial decline. These trends reflected two
distinct periods in American education. From the late
1960s until the late 1970s, the high school curriculum
was undergoing increasing liberalization, resulting in a
system in which students gained greater choice about
what they studied. Subsequently, for several years after
the late 1970s, high schools continued to offer a wide
variety of courses, but students began to concentrate
their coursetaking in more traditional academic courses.
More substantial growth in academic coursetaking
occurred after the early 1980s, when the states and local
education agencies increased their graduation reqdire-
ments to encourage achievement of acadentic excellence
(Tuma et al. 1989).

As a result of these trends, the number of credits
earned in science and mathematics was higher in 1987
than in 1969. (See text table 1-3.) The courses contribut-
ing most heavily to this increase were generally more
advanced and core courses.8 For example, in science, biol-
ogy and chemistry had the most significant increases in
credits earned. By 1987, nine-tenths of all high school
graduates had taken a course in biology, and just under
half (45 percent) had taken chemistry. Physics enrollment
also increased, albeit not so dramatically: by 1987, one in
five students took physics. (See figure 1-11.) In mathemat-
ics, the courses showing the greatest increases in credits
earned between 1982 and 1987 were geomeny and alge-
bra 2. (See figure 1-12.)

'Ilwse data were drawn frOM a national sample of transcripts front
hair studies al scluml students: the Educational Testing Service's
Study of Academic Prediction and Growth (19(19). the National
haigitudinal Siirvey of Libor Force Experietwe-Y(nith Cohort (1975-
78 and 19:9-82.), High School and 13eyond (1982), and the NAEP tran-
script stu(iy (1987).

Text table 1-3.
Average number of (:ourse credits earned by high
school graduates in science and mathematics

Science credits Math credits

1969 2.23 2.47

1975-78 2.26 2.35
1979-81 2.18 2.44

1982 2.17 2.55
1987 2.51 3.02

SOURCE: J. Tuma, A. Gifford, D. Harde. E.G. Hoachlander, and
L. Horn, Course Enrollment Patterns in Public Secondary Schools,
1969 to 1987 (Berkeley, CA: MPR Associates, Inc., 1989).
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Figure 1-11.
High school 1982 and 1987 graduates who earned
science course credit

Percentage of graduates earning credit
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SOURCE: Westat, Inc., Tabulations: Nation At Risk Update Study as
Part of the 1987 High School Transcript Study (Rockville, MD: 1988).
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In the 1990 NAEP science assessment, general sci-
ence and biology were the only courses reported by a
majority of 17-year-olds as having been studied for at
least 1 year. (See appendix table 1-13.) Only 1 in 10 of
the students reported taking physics for a year or more.

Figure 1-12.
High school 1982 and 1987 graduates who earned
mathematics course credit

Percentage of graduates earning credit
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SOURCE: Westat. Inc., Tabulations: Nation At Risk Update Study as
Pail of the 1987 High School Transcript Study (Rockville, MD: 1988).
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Compared with 1982, significantly higher percentages of
students reported having studied physical science, earth
mid space sciences, biology, and chemistry, with the
largest increases occurring in chemistry and biology.
The .ttional trends were similar for both males and
females and for white, black, and Hispanic students.

In mathematics, the NAEP assessment showed that
higher percentages of 17-year-old students took upper-
level courses sucl; as algebra 2 in 1990 than in 1978.
(See appendix table 1-14.) Thus, in 1990, more students
completed the sequence of algebra 1, geometry, and
algebra 2 than in 1978. Only relatively small numbers of
17-year-old students-6 percent in 1978, 8 percent in
1990reported having taken precalculus or calculus.

State-Level Enrollment. A study conducted in the
1989/90 school year by the Council of Chief State School
Officers (CCSSO) indicated that secondary enrollnwnt
in biology had increased, while enrollnwnt in chemistry
and physics had essentially leveled off. The CCSSO
study also found substantial differences in enrollment in
secondary science courses among the states." Chem-
istry, considered a gatekeeping course for continuing
studies in science fields, ranged in enrollments from 26
percent (Idaho) to 62 percent (Connecticut). (See
appendix table 1-15.) Eighteen of thirty-eight states had
higher rates of enrollment in chemistry than the national
average (45 percent). In first year physics, the state per-
centages varied from 10 percent in Oklahoma to 36 per-
cent in Connecticut.

In mathematics, the CCSSO data also showed small
continuing increases in three levels. By 1989/90, the
estimated percentage of students taking algebra 1 had
increased to 81 percent, algebra 2 increased to 49 per-
cent, and enrollment in calculus classes increased to 9
percent. (See appendix table 1-16.) One of the important
findings from the CCSSO study is the relatively small
proportion of high school graduatesfewer than one-
halfwho took algebra 2. The state percentages of high
school graduates who took algebra 2 varied from 29 per-
cent in Wyoming to 65 percent in Montana.

Enrollment by Females. Differences by gender in
enrollments in both science and mathematics decreased
over time. (See appendix tables 1-17 an(l 1-18.) In mathe-
matics, nudes earned an average of 0,5 credits more than
females in 1969, but by 1987 this difference had nar-
rowed to 0.09 credits. Only slight differences separate
males and females in the number of science credits
earned. However, coursetaking patterns differ by gen-
der. For example, in 1987, females tended to earn more
credits in biology, and males tended to earn more credits
in physics.

Enrollment by Minorities. Asian students earned
consistently more science and mathematics credits than
any other racial/ethnic group, especially in chemistry
and physics. (See figures 1-13 and 1-14.) Whites also

'Data on course enrollment Were reported by 38 states.

Figure 1-13.
High school 1987 graduatesiNho earned science
course credit, by race/ethnicity
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SOURCE: J. Tuma, A. Gifford, D. Harde, E.G. Hoachlander, and
L. Horn, Course Enrollment Patterns in Public Secondary Schools,
1969 to 1987 (Berkeley, CA: MPR Associates, Inc., 1989).

Science & Engineering Indicators - 1991

tene.ed to earn more science credits than black or
Hispanic students. Racial/ethnic differences were not so
pronounced in biology. (See appendix table 1-17.)

In mathematics, the more advanced the course, the
more pronounced the difference in the number of credits
earned by Asian students compared with other
racial/ethnic groups. Between 1982 and 1987, the largest
increases in the number of mathematics credits earned
by Asians were in calculus and algebra. White students
showed large increases in geometry; blacks, in geometry
and algebra; and Hispanic students showed large

Figure 1-14.
High school 1987 graduates who earned
mathematics course credit, by race/ethnicity
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increases in the number of basic mathematics, algebra,
and geometry course credits earned. (See appendix table
1-18.)

School and Curriculum
This section examines factors that shape how students

are taughtfor example, how often they study a subject,
how long they spend during these sessions, what activi-
ties predominate durhg the classes, and what "track"
they are in. Beginning in grade 8, U.S. students are usu-
ally tracked into one of four kinds of mathematics
classes (remedial, general, enriched, advanced), and stu-
dents' achievement typically depends directly on the top-
ics covered in these classes (Hafner and Horn in press,
p. 48). In particular, this section emphasizes how track-
ing and related factors affect opportunities and access for
groups underrepresented in science and mathematics.

Classroom Activities
As part of the 1990 NAEP assessments, 9-year-old stu-

dents were asked about their participation in several sci-
ence activities in the classroom. These inquiries reflect-
ed research indicating that students learn science more
effectively when they use scientific instruments and
materials. According to the research, students are likely
to begin to understand the natural world if they work
directly with natural phenomena, using their senses to
observe and using instruments to extend the power of
their senses. The NAEP assessments ah;o asked 17-year-
old students about their classroom experience in mathe-
matics. These questions reflected efforts to focus on
mathematical problem-solving and logical/reasoning
skills, learning to communicate mathematically, and
making connections between the mathematics students
study and its applications in other disciplines and activi-
ties (Mullis et al. 1991b).

The 1990 assessment showed a larger percentage of 9-
year-olds using several types of scientific instruments
(microscopes, calculators, and thermometers) than in
1977. However, the percentage who had done experi-
ments with living plants decreased significantly, and the
percentage of students who had used a scale or eone
experiments with batteries did not change significantly.

In mathematics, an attempt was made to find out the
proportion of 17-year-olds who were engaged in active
mathematics learning (for example, participating in dis-
cussions and making reports or completing projects),
rather than passive activities (such as listening to the
teacher and watching him or her do problems on the
board). The results, termed "disappointing" by the NAEP
researchers, showed that activities generally considered
more student-centered remained far less prevalent than
listening to teacher explanations, watching the teacher
work problems, or taking tests. (See appendix table 1-19.)
For exanlple, most students reported that they "often" lis-
tened to a teacher explain a mathematics lesson, watched
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a teacher work mathematics probicins on the board, and
took mathematics tests, while only a small fraction of
them reported that they often made reports or did proj-
ects in mathematics (Mullis et al. 1991b).

The NAEP results agreed with earlier surveys. When
elementary and middle school teachers were asked in a
1985-86 survey to indicate what took place during their
most recent science and mathematics classes, responses
indicated that most of the lessons included lecture and
discussion (Weiss 1987). Use of hands-on activities was
far less frequent and became less so the higher the
grade level. Particularly in science, use of hands-on activ-
ities was much more common in elementary science
than in middle school classrooms.

In the National Education Longitudinal Study of 1988
(NELS:88),"' 59 percent of the eighth grade students
were in science classes where their teachers said that
experiments were conducted at least once a week; 41
percent attended class'es where teachers said that exper-
iments were seldom conducted. (See appendix table
1-20.)

Other studies have examined how long classroom
lessons tend to last and how much time teachers spend
in total on a subject during a week. In the 1985-86
National Survey of Science and Mathematics Education,
elementary teachers were asked to indicate the approxi-
mate number of minutes typically spent teaching

mathematics, social studies, and reading. Only
one-half of all third graders had science lessons on a fre-
quent basis, and for those who did, teachers reported
devoting an average of only 18 minutes a day to science
instruction. These teachers spent twice as much time on
mathematics instruction and four times as much on read-
ing instruction. In grades 4-6, an average of 29 minutes
per day was spent on science lessons, compared with 52
minutes on mathematics and 63 minutes on reading.

In the 1987/88 Schools and Staffing Survey (SASS),
elementary teachers were asked how much time they
spent per week teaching four core subjectsscience,
mathematics, social studies/history, and English/lan-
guage arts. State-by-state data showed that the class time
spent on science in grades 1-3 varied from 1.3 hours per
week in Rhode Island to 3.5 hours in Texas and, in
grades 4-6, from 2.2 hours per week in Utah to 4.1 hours
in New Hampshire. (See appendix table 1-21.)

The time spent on mathematics/arithi tic in grades
1-3 varied from 4.2 hours per week in Oiiio to 6.0 hours

NELS:88 is a longitudinal survey sponsored by the U.S. Depart-
ment of Education's National Center for Education Statistics, ft suit
veyed 24,599 students in grade 8 and their parents. teachers, and
school administrators. The student sample was selected from 1,035
public and private schools representing each of the 50 states and the
Distri, )1 Columbia. The students were administered tests of their
knowledge of eighth grade science and mathematics and other sub-
jects. The sampled subjects are being followed every 2 years through
college and beyond to learn about their progress in school, their aspi-
rations. their employment, and factort; that affect their ability to com-
plete their education.
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Science and Mathematics Curriculum Related to
Student Learning and College Attendance

Several recent studies suggest that enrollment in
certain courses has implications well beyond simple
exposure to a certain body of knowledge. One of these
studies, the LSAY, found a strong positive relationship
between 12th grade students' ability to engage in
abstract problem-solving and coursetaking in advanced
mathematics (Miller et al. 1990). Specifically, the LSAY
found that students who were enrolled in calculus cours-
es had a much greater ability to solve abstract problems
than those who were enrolled in "low math" courses.
The same study found a similar result, although less pro-
nounced, for science proficiency and student course-
taking: students who took physics were much better at
understanding scientific systems or interacting process-
es than students who took "low science" courses.

Another longitudinal study of eighth grade students,
NELS:88, found that students who were in an algebra or
other advanced mathematics class were almost five
times as likely as students in a regular mathematics class
(in which fractions were taught as a major topic) to be
proficient at higher level mathematics problem-solving.
The same study found that students who were in science
classes where experiments were conducted at least once
a week had the highest scores on science achievement
tests, while students who were in classes that only con-
ducted experiments once a month or less had the lowest
scores (Hafner and Horn in press).

Analyzing data from the High School and Beyond sur-
vey, a third study found that the best determinant of
future college attendance was enrollment in high school
geometry. Overall, a much lower proportion of minori-
ties than whites attended college within 4 years of high
school graduation. Among students who took geometry,
however, this difference disappeared: 80 percent of black
students in this group attended college, along with 82
percent of Hispanic students and 83 percent of whites.
Even for students at the poverty level, taking geometry
halved the gap in college attendance.

Fewer than one-third of students with no algebra or
geometry in high school attended a college within 4
years of graduation, and only about 15 percent attended
a 4-year college. (See text table 1-4.) By contrast, among
students who took both algebra and geometry (about
one-third of the high school population), more than four-
fifths attended collegeincluding community and junior
collegeand two-thirds attended a 4-year college within
4 years of graduation. Other high school courses associ-
ated with college attendance (but less so than geometry)
were 1 year of laboratory science and 2 years of foreign
language (Pelavin and Kane 1990).

The above information notwithstanding, analyses of
student coursetaking cannot establish causal relation-
ships for either ste ?nt learning or college attendance. It
cannot be determined, for example, whether students
with higher proficiency are more likely than others to
seek out rigorous courses or whether the courses them-
selves strengthen proficiency.

Text table 1-4.
High school 1982 graduates who attended college
within 4 years of graduation, by mathematics
courses taken

Mathematics courses taken

Within 4 years
attended

A 4-year
Total Any college college

Percent
All graduates 100.0 55.4 36.9

No advanced mathematics . 40.0 30.6 14.8

Algebra only 24.9 57.2 32.1

Algebra and geometry 34.9 82.6 65.6

SOURCE: S. Pelavin and M. Kane. Changing the Odds: Factors Increasing
Access to College (New York: College Entrance Examination Board, 1990).
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in the District of Columbia and, in grades 4-6, from 3.8
hours in Montana to 6.0 hours in Mississippi.

Tracking has a fundamental impact on what students
study and thus what skilk they have an opportunity to
master, particularly in mathematics. The NELS:88 study
found that approximately 29 percent of public school
eighth grader s. reported attending an algebra or other
advanced mathematics class, 17 percent attended gen-
eral mathematics along with an algebra or accelerated
program, 47 percent attended only general mathematics
class, and 7 lwrcent attended some sort of remedial

class. Almost all of the eig:lth graders reported receiving
science instruction.

Barriers to Minority and Impoverished
Students

Tracking programswhether advanced or remNlial
have a profound effect on tlw type of classroom instruc-
ti(m individuals receive. Those students who have shown
an aptitude for mathematics are often given instniction
in algebra and other more advanced subjects in grade 8.

4 4
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Those who luwe not performed as well frequently have
no access to mathematics classes that stress higher
order thinking; instead, they are relegated to classes
where learning computations involving fractions pre-
dominates. Evidence from the NELS:88 survey suggests
that unequal opportunities to learn mathematics exist at
the eighth grade level (Hafner an(I Horn in press).

The NELS:88 survey also found that blacks, Hispanics,
Native Americans, and low socioeconomic status (SES)
eighth grade students were all twice as likely as white
students to be in remedial mathematics classes. Slightly
fewer than half of low SES students were in mathematics
classes where algebra was taught as a major topic com-
pared with 75 percent of high SES students; 79 percent
of low SES students and 52 percent of high SES sturlents
were in classes that emphasized the teaching of fractions
as a major topic. Asian and white students were far more
likely than blacks, Hispanics, or Native Americans to be
in classes where algebra was a major topic. (See appen-
dix table 1-22.)

In science, only about 49 percent of low SES students
were in classes where experiments were conducted at
least Once a week, compared with 72 percent of high SES
students. Asian and white students were more likely
than black, Hispanic, or Native American students to be
in science classes that conducted experiments once a
week or more. (See appendix table 1-20.)

Another recent study (Oakes 1990a) showed that high
percentages of minorities faced several barriers to sci-
ence and mathematics opportunities in secondary
schools. First, their access to high-track science and
mathematics classes diminished as the minority enroll-
ment at their school increased. Second, minority stu-
dents who attended racially mixed schools were more
likely than their white peers to be placed in low-track
classes. Third, minorities tended to have less access to
"gatekeeping" courses at their schools, that is, courses
that are especially important in qualifying students for
college-level work in science and mathematics."

Minority Enrollment. The first of these barriers is
demonstrated in figure 1-15, which shows the number of
class sections in science and mathematics classified by
the content and level of the class (general, college prep-
aratory, or advanced college preparatory). Gelwrally,
as the proportion of minority students at a school in-

creased, the relative proportion of college preparatory or
advanced course sections decreased.

Low-Track Classes. To deternline the likelihood of
minorities being placed in low-track classes, a recent
study (Oakes 1990a) examined the proportion of sec-
ondary school science and mathematics classes at three

"Analyses cited here are based On special tabulations of data from
the National Survey of Science 00(1 Mathematics Education. For
detaile(i information (m this survey, stq. Weiss 0987).
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Figure 1-15,
Sections of science and mathematics classes in
high schools, by school racial composition: 1986
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SOURCE: J. Oakes. Multiplying Inequalities: The Effects of Race.
Social Class, and Tracking on Opportunities to Leant Mathematics
and Science (Santa Monica. CA: The RAND Corporation. 1990).
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ability levels (as reported by classroom teachers) and by
the racial composition of the classes. The proportion of
high-ability classes increased significantly as the propor-
tion of white students increased. Two-thirds of all classes
whose minority enrollments were disproportionately
high compared to the schools as a whole were judged by
the teacher to be "low ability," while more than half of
the classes with relatively high white enrollment were
considered to be "high ability." Fewer than 1 in 10 of the
classes with relatively high minority enrollment were
classified as high ability by teachers of these classes.
Thus, classes having disproportionately large numbers
of minority students were seven times more !ikely than
low-minority classes to be identified as low ability rather
than high ability (Oakes 1990a, pp. 23-25).

Gatekeeping Courses. Eighth grade algebra, ninth
grade geometry, and high school calculus courses are
considered "gatekeepers" because of their importance in
the science and mathematics curriculum. Figure 1-16
shows the number of sections of these accelerated math-
ematics courses relative to the size of the student body of
schools with high or low minority enrollment. In middle
school. students attending predominantly white schools
had far greater opportunities to take these gatekeeping
courses. Among high schools that offered at least one
section of calculus, racially mixed schools (10- to) 90-per-
cent white enrollment) had relatively comparable
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Figure 1-16.
Number of accelerated mathematics class
sections offered, by school racial composition:
1986

Sections per 100 students
1.0

0.8

0.6

0.4

0.2

0.0

III Middle school
(8th grade algebra.
9th grade geometry)

High school
(calculus)

0.09

0.35
0.39

0.58 0.55
0.52

0.92

0.75

0-10 10-50 50-90 90-100
Percentage white students in school
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numbers of sections of calculus per 100 students, but
high-minority schools had far fewer sections than pre-
dominantly white schools''

Oakes (p. 45) summarizes the study's major findings
as follows:

To the extent that they are ('nn)lled in secondary schools
where they are the majority, low-limn-1w students, African-
Ainericans and Hispanics have less extensive and less
demanding science and mathematics programs available
to them and they have considt ably fewer opportunities to
take the critical gawkeeping couNes that prepare tlwm to
pursue science and mathematics study after high school.

Teachers and Teaching

The quality of science and mathematics instruction
that students receive is largely determined by the qualifi-
cations of their science and mathematics teachers
(Shavekon, McDonnell, and Oakes 1989, p. 66). Al-
though there is no consensus on what teacher qualifica-
tions are most important for effective teachingor even
On what constitutes good teachingit is widely assumed
that teacher competence is related to subject matter
knowledge.

Past research on teacher quality indicators has been
hindered by a general lack of nationally representative

"It should ako be noted that thk analysis included only high
schools offerMg calculus, and that ()My about 50 percent of predomi-
nantly minority schools did so, compared with 80 percent of pre(lomi-
nantly white schools (Oakes 199)a).

data bases. However, two recent large surveys of teach-
ers and teaching conducted by the U.S. Departnwnt of
Education he Schools and Staffing Survey'" and
NELS:88"permit examination of various indicatArs of
the' backgrounds and qualifications of science and math-
ematics teachers. More specifically, NELS:88 provided
an indicator of teachers' educational background by col-
lecting data on their coursetaking patterns. SASS report-
ed on the match-up between (1) teachers' eOucational
background and (2) their teaching assignntentsa criti-
cal match-up from an instructional quality viewpoint.

This section focuses on these two broad topicsaca-
demic preparation and teaching assignnwntsto ex-
amine the issue of teacher quality in middle and high
school science and mathematics classes. It also exam-
ines students' access to qualified teachers and, more
broadly, the issue of teacher supply and demand.

Teacher Training
NELS:88 found a positiw relationship between teacher

training in mathematics and student achievement in that
subject. Mathematics proficiency among the eighth grade
students in the survey was set at three proficiency levels:

Basicable to perform simple alit hnwtic opera-
tions on whole numbers;

Intermediateable to perform simple arithnwtic
operations with decimals, fractions, and roots; and

Advancedable to perform problem-solving, demon-
strate required conceptual understanding, and/or
develop a solution strategy.

Eighth grade students those teachers had taken an
advanced course in mathematics (defined as higher than
lollege calculus) were more likely to be at the highest
proficiency level than those students whose teachers
had taken courses only at the calculus level or below.
However, the relationship of student achievement to
teacher coursetaking in mathematics education was
mixcd and therefore uncertain.

Preparation: Middle School Teachers
SASS data suggest that large numbers of middle

school teachers of science and mathematics could be
classified as misassignedthat is, they may not be
teaching courses appropriate for their training. Such
misassignment can occur for any of several reasons. A
school may, for instance, be too small to have a full-time
chemistry or physics teacher and may assign classes in

.SASS provides a snapshot of public and private elementary and
secondary schools, principals, and other staff during the 1987/88
school year.

"A sample of the science and mathematics teachers of the NELS:88
students was included as part of the NEI,S:88 survey, and the college
transcripts of these teaclwrs ma.re obtained to determine their course-
taking patterns. See footnote 10 for more information on NELS:88.
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these topics to its biology teacher (Gifford an(l Tenen-
baum 1990, p. 123). The misassignment, although under-
standable and frequently unavoidable, can affect the
quality of instruction provided.

"Best Qualified" Subjects. According to SASS data,
fewer than half of all mkldle school teachers of biological
sciences and only about one-fifth of teachers of physical
sciences felt they were teaching the subject for which
they were best qualified. Mathematics teachers were
more sure of the appropriateness of their assignments.
Two-thirds of teachers of middle school mathematics Mt
that they were teaching the subject they were best quali-
fied to teach. (See figure 1-17.)

College Coursework. Between 5 and 7 percent of
all teachers of middle school science and mathematics
had not taken any courses in the subject to hich they
were assigned. From 37 to 42 percent had taken 1 to 6
college courses, 27 to 35 percent had taken 7 to 12,
and 22 to 26 percent had taken 13 or more college
courses in the subject to which they wet,' assigned.
(See figire 1-18.)

College Majors and Minors. In the sciences, 40 per-
cent of teachers of middle school biological sciences had
majored or minored in a at subject in college; another 17
percent had majored or minored in science education.
Among physical science teachers (chemistry and physics),
32 percent had majored or minored in that subject in col-
lege, and 16 percent had majored or minored in science

Figure 1-17.
Qualifications of middle school teachers of
science and mathematics: 1988
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for the National Science Foundation.

Science & Engineering Indicators - 1991

31

Figure 1-18.
Public school teachers who have taken 13 or
more courses in their subject field: 1988
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education. Only 28 percent of middle school teachers of
mathematics had majored or minored in that subje in col-
lege; an equal proportion had majored or minored in math-
ematics education.

Preparation: High School Teachers
"Best Qualified" Subjects. Although teachers of

high school science and mathematics appeared to have
better qualifications to teach their assigned subjects than
did their middle school counterparts, more than half of
all teachers of physical sciences felt they were not
assigned to the subject they were best qualified to teach.
About one-quarter each of all teachers of biological sci-
ences and mathematics expressed the same feeling. (See
figure 1-19.)

College Coursework. Four percent of teaclwrs of
science and mathematics had not taken any college
courses in the subjects to which they were currently
assigned. Nearly half of the teachers of high school
mathematics had taken from 7 to 12 classes in college
mathenmtics. More than 10 percent of physical science
teachers had taken 13 or more college courses in the
physical sciences; about 30 percent each of teachers of
biological sciences and mathematics had taken a similar
number of college courses. (See figure 1-18.)

College Majors and Minors. Most high school science
and mathematics teachers had pursued a college major or
minor in the subject tlwy taught. hi matlwmatics, how-
ever, the proportion of teaclwrs majoring/minoring in
mathematics education was larger than the corresponding
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Figure 1-19.
Qualifications of high school teachers of science and
mathematics: 1988

Percentage of teachers

100

80

60

40

20

0

Mathematics

III Biological sciences

76 Physical sciances
74

43

68

47
52

Teach primarily in their College major/minor in
"most qualified" field primary teaching field

SOURCE: National Center for Education Statistics. 1987/88 Schools and
Staffing Survey, special tabulations by the RAND Corporation for the
National Science Foundation.

Science & Engineering Indicators - 1991

proportions of science teachers (28 percent for mathemat-
ics education compared with 17 and 16 percent, respective-
ly, for biological sciences education and physical sciences
education). Also, more than one-third of all high school
teachers of physical sciences lacked a college degree in
either the physical sciences or in physical science educa-
tion. This finding is consistent with that of another study of

secondary school teachers of physics (Neuschatz and
Covalt 1988). In the second study, approximately one-third
of all physics teachers were described as having their pri-

mary specialty in ohysics. Another third had begun their
career in a different field but had taught physics regularly
over the subsequent years; the remaining third were only
occasional teachers of physics.

Access to Qualified Teachers
Based on several measures of teacher qualifications

(e.g., certification in science and mathematics and bach-
elors or masters (legrees in these fields), it is clear that
low-income and minority students have less access than
other students to the best qualified science and mathe-
matics teachers. As shown in figure 1-20, secondary
schools with high proportions of economically disadvan-
taged and minority students employ teachers who, on
the average, were less frequently certified to teach sci-
ence and mathematics and were less likely to hold bach-
elors or masters degrees in these subjects. Moreover.

these teachers were less likely to feel well-qualified to
teach these subjects.

The qualifications of teachers of various track levels at
low SES, high-minority, inner-city schools differed sub-
stantially from those of teachers at high-wealth, predomi-
nantly white, suburban schools. (See text table 1-5.) For
example, only 39 wrcent of the teachers who taught low-
ability classes in low SES, minority, inner-city schools
were certified to teach science and mathematics at the
secondary level, compared with 84 percent of the teachers
at high-wealth, predominantly white, suburban schools.
One of the most notable differences was that low-track
students in the most advantaged schools (high SES,
white, suburban) were likely to have better qualified
teachers of science and mathematics than high-track stu-
dents in the least advantaged schools (low SES, high
minority, inner city) (Oakes 1990a).

Eighty-four percent of public school students in the
NELS:88 study had science teachers who felt well to
very well-prepared to teach science.' But low SES stu-
dents in middle schools were twice as likely as high SES
students to have science teachers who felt only ade-
quately prepared to teal.1 science (16 versus 8 percent).
Students in high-poverty schools (those in which more

'ELS:88, the teaclu'rs were asked to rep(irt !um; well-prenand
tliey felt to teach their clas.s. 'Muir choic(s were (1) very well-pn.pared,
(2) well-pn.pared. (3) (oily adequately In-pared. or (4) somewhat pre-
pared or unprepared.

Figure 1-20.
Degrees and certification of science and
mathematics secondary school teachers,
by school racial composition: 1987
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Text table 1-5.
Qualifications of secondary school teachers in high- and low-ability classes

33

Teacher qualifications

Low-ability classes

Low SES, High SES,
minority, urban white, suburban

High-ability classes

Low SES, High SES,
minority, urban white, suburban

Percentage of teachers
Cer1ified in science/mathematics 39 82 73 84
Bachelors in science/mathematics 38 68 46 78
Masters in sciencs/mathematics 8 32 10 48

SOURCE: J. Or. 3S, Multiplying Inequalities: The Effects of Race, Social Class, and Tracking on Opportunities to Learn Mathematics and Scieice (Santa
Monica. CA: T 3 RAND Corporation, 1990).

than 50 percent of students receive(l tree lunches) were
seven times as likely as those in low-poverty schools
(those with no free lunch programs) to have science
teachers who reported they felt only adequately pre-
pared to teach science.

Teacher Supply and Demand

Recently, there has been increasing concern about
shortages of qualified individuals to teach science and
mathematics at the elementary and secondary school
levels, The factors influencing teacher supply and
demand include

Changes in student enrollment:

Changes in schooling policies and practices, e.g.,
inc'eased graduation requirements: and

The number of vacancies resulting from the cre-
ation of new positions and from teacher attrition."'

Changes in Student Enrollment. Because of the
rising number of annual births since 1977, enrollment
will increase in elementary and secondary schools in the
1990s. This "echo" of the baby boom of the 1950s will
cause increases in the preprimary and 5- to 17-year-old
populations over the next decade (Gerald, Horn, an(l
Husson 1989). Its effects are already being felt Speci-
fically, after declining dming the early 1980s, total school
enrollment increased to 45.4 million in 1988. Enrollment is
projected to continue to increase, reaching 49.5 million
by the year 2000. Secondary school enrollment alone is
expected to increase from 12.6 million in 1990 to 14.9
million by 2000.

Changes in School Policies. One study examined
teacher supply and demand in relation to current re-

Altlunigh attrition is olteo considered a component of demand, it is
also kirgely a supply !actor. refleciiiw: the decisions of individual teach-
ers about whether to stay in or leave die teaching profession.
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forms at .:*ne Federal, state, and local levels to improve
the quality of education (Darling-Hammond 1984). The
researchers concluded that these reforms will soon lead
to critical shortages of qualified teachers unless (1) poli-
cies, such as those dealing with certification, that restrict
the teaching profession are loosened and (2) teaching
becomes an attractive career alternative for talented peo-
ple. Otherwise, the researchers emphasized, schools will
be forced to hire the less qualified to fill teaching vacan-
cies: these teachers will then become the tenured work-
force for the next several generations of schoolchildren.

AttritionAging and Retirement. Evidence from
state time series data showed that relatively few teachers
had been hired because of low attrition rates.'' However,
both hiring and attrition rates are expected to increase
over the next 15 years as midcareer teachers become eli-
gible to retire and as expected enrollment increases open
more positions and allow for more mobility and promotion
(Center for the Study of the Teaching Profession 1989).

The SASS survey found that, of the approximately
250,000 secondary science and mathematics teachers in
the United States, 19 percent of science teachers and 18
percent of mathematics teachers were at least 50 years
old. (See figure 1-21.) Thus, the current science and
matheniatics teaching force faces the potential of losing
up to 45,000 teachers over this decade through retire-
ment. The same study also disclosed a relatively low
commitnwnt on the part of many teachersespecially
new teachersto staying in the teaching profession. For
example, only 39 percent of new mathematics teachers
and 46 percent of new science teachers said they would
rentain in teaching "as long as able" or "until eligible to
retire." And More than one-third of the new teachers
were undecided at the time surveyed as to how long they
would remain in teaching. (See text table 1-6.)

; Other reasons c,ossibly contributing to the low hiring rates include
the relatively stable sehool-age population in recent years, lack of state
and local resources, and increased pupil-teacluT ratios.
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Attrition-Job Satisfaction. Following up on a na-
tional sample of science and mathematics teachers from
the 1985-86 National Survey of Science and Mathematics
Education, Weiss and I30yd (1990) found that an average
of 13,000 science and mathematics teachers left the pro-
fession annually. The annual rate of attrition for science
and mathematics teachers (4.5 percent) was relatively
low when compared with rates in ot,:er service profes-
sions such as nursing and social work. Nevertheless, at
this rate, half of the current science and mathematics
teaching corps will need to be replaced in 15 years.

The study researchers discovered that many current sci-
ence and mathematics teachers were dissatisfied with vari-

ous aspects of their jobs, citing adverse working condi-
tions, student-related issues such as discipline problems,
lack of adequate administrative support, low salaries and
benefits, and a general lack of professional prestige. The
followup study indicated that many teachers were dissatis-
fied with their salaries. (See figure 1-22.) Although fewer
than 1 in 10 teachers named salaries as what they liked
least about teaching, more than half cited higher teacher
salaries as the single most important factor for teacher
retention.

Figure 1-21.

Age distribution of science and mathematics
secondary school teachers: 1988

Science

5

,'410
18%

Mathematics

SOURCE: National Center for Education Statistics, 1987/88 Schools
and Staffing Survey, special tabulations by the RAND Corporation for
the National Science Foundation.
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Text table 1-6.
Plans of secondary school teachers of science and
mathematics to remain in teaching

Science Mathematics

All New
Teaching plans teachers toachers

All New
teachers teachers

-Percent

Total 100.0 100.0 100.0 100.0

Remain as long
as able 27.4 34.3 26.7 30.4

Remain until eligible
for retirement 38.8 11.2 38.7 8.3

Probably continue
unless something
better comes along . . 13.9 13.8 17.1 22.5

Definitely plan to leave
as soon as can 5.0 9.6 3.5 2.2

Undecided at this time 14.8 31.2 15.0 36.7

SOURCE: National Center for Education Statistics, 1987/88 Schools
and Staffing Survey, special tabulations prepared by the RAND
Corporation for the National Science Foundation.
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Other recent studies indicate that salar:.2s and the
opportunity to earn higher salaries in business and indus-
try influence the median length of time that teachers
remain in the teaching profession (Murnane and Olson
1989 and 1990). Analyzing data in teacher files in North
Carolina, Michigan, and Colorado, researchers con-
cluded that, depending on the state, an annual salaiy dif-
ferential of $2,000 might induce teachers of science and
mathematics to remain in the profesAion from 1 to 2 years
longer than generally expected. New teachers were par-
ticulady susceptible to the influence of salary on career
decisions. For example, chemistry and physics teachers
who command higher salaries in nonteaching occupa-
tions were almost twice as likely to leave teaching during
the first year of teaching as were soLial science teachers.

The Policy Context

National Initiatives and Reform Movements

Nationwide concern about the shortcomings of the
American educational system sparked an unprecedented
level of state activity during the 1980s. In almost every
st;ite, the education reform movement resulted in new
legislation or state board regulations to increase stan-
dards for students; revise teacher licensure, training,
and compensation practices: and/or enhance informa-
tion about school performance (Fuhrman and Elmore
1990). In the wal-e of state-level efforts, national organi-
zations established their own reform movements.
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Figure 1-22.

Teachers' opinions about science and mathematics
teaching

Other - 5%

Salaries/benefits -
7%

Lack of prestige - 4%

Lack of admin support -

Liked least 11%

Support from
students' parents -

16%

Professional
development -

13%

111111M.___

Most important factor
in retention

SOURCE: I.R. Weiss and S.E. Boyd, Where Are They Now?: A
Followup Study of the 1985-86 Science and Mathematics Teaching
Force (Chapel Hill, NC: Horizon Research, Inc., 1990).
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This section describes significant, Ongoing national
and state initiatives to improve education quality, particu-
larly in the area of science and mathematics. It also cov-
ers the effects of state-level reform on local education
entities and classroom practices and highlights a special
survey of state legislators gauging their re;',.tions to edu-
cational reforms.

The Federal Role

In 1989, the President and the 50 state governors adopt-
ed six ambitious national education goals, three of whkh
related directly to precollege science and mathematics.
(See "Students: Achievement, Interest, and (.oursework,
p. 16.) In addition, the President and governors provided
policy guidance by developing specific objectives for each
goal, with the following related specifically to precollege
science and mathematics:
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The academic performance of elementary and sec-
ondary students will increase significantly in every
quartile, and the distribution of minority students in
each level will more closely reflect the student pop-
ulation as a whole.

The 'percentage of students who demonstrate the
ability to reason, solve problems, apply knowledge,
and write and communicate effectively will increase
substantially.

Mathematics and science education will be
strengthened throughout the system, especially in
the early grades.

The number of teachers with a substantive back-
ground in mathematics and science will increase by
50 percent.

Every major American business will be involved in
strengthening the connection between education
and work.

All workers will have the opportunity to acquire the
knowledge and skills, from basic to highly techni-
cal, to adapt to enwrging new technologies, work
methods, and markets through public and private
educational, vocational, technical, workplace, or
other programs.

To coordinate the Federal portion of this effort, the
Committee on Education and Human Resources (CEHR)
was established in May 1990 under the Federal Coordi-
nating Council for Science, Engineering, and Technology.
The committee's initial challenge was to develop a system-
atic, comprehensive, And accurate inventory of existing
Federal programs and budgets and to prepare a coordinat-
ed program budget for fiscal year (FY) 1992.

The committee established the following four budget
planning priorities for the precollege level:

Teacher preparation and enhancement;

Curriculum and materials development. research in
teaching and learning, program evaluation, dissemi-
nation, and technical assistance;

Comprehensive programs/organization and sys-
tematic reform; and

Student incentives and opportunities.

Throughout its planning, CEHR particularly empha-
sized (1) precollege education and (2) increasing the
participation of groups currently underrepresented in
science and mathematics fields.

Of the total FY 1992 budget request, 65 percent-
81.94 billionwas in precollege science and mathemat-
ics. Precollege activities accounted for 8660.6 million, or
31 percent of the total (FCCSET 1991). The 1992 request
represented a 28-percent increase over FY 1991 and a 92-
percPnt increase over FY 1990. (See figure 1-23.) Tlw
Department of Education and NSF accounted for nearly

ri
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Figure 1-23.
Federal investment in precollege science and
mathematics education

Millions of dollars
800

600

400

200

343.65

514.6

660.62

FY 1990 FY 1991 FY 1992

O Teacher preparation III Student incentives
III Curriculum development III Other
O Compruhensive/reform

SOURCE: Federal Coordinating Council for Science, Engineering,
and Technology. B). !??. Year 2000: Report of the FCCSET
Committee on Efluention and Human Resources, budget summary
and final report, FY 1992 (Washington, DC: Office of Science and
Technology Policy, 1991).
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86 percent of the FY 1992 precollege budget request.
(See appendix table 1-23.)

Other National Efforts
Several national organizations indeiwndently launched

parallel efforts to develop new support structures to help
states and localities promote excellence in science and
mathematics education. These efforts, highlighted below,
include those of the National Council of Teachers of
Mathematics (N(.,TM), the National Academy of Sci-
ences/National Research Council, the American Asso-
ciation for the Advancement of Science (AAAS), and the
National Science Teachers Association. These organiza-
tions adopted and released standards advocating funda-
mental changes in science and mathematics curriculum
content, teaching approachi._'s, and assessment techniques
that place a strong emphasis on problem-solving and high-
er order thinking skills. These standards also maintain that
all students can learn and that they deserve high-quality
instruction.

National Council of Teachers of Mathematics.
NCI'M undertook a monumental effort to set guidelines
foi mathematics curriculum and assessment. The stan-
dards encourage teaching and learnirg that (1) rely on

applications of mathematics to relevant evelyday prob-
lems and situations, (2) foster students thinking skills,
and (3) push them to use their minds to solve problems
in unfamiliar and new settings and to discover alternative
solutions. These standards also emphasize the use of cal-
culators, computers, and other tools to relieve the tedi-
um of hand calculations, provide a basis for more com-
plex problem-solving situations, and engage students in
mathematics learning. The standards advocate integrat-
ing teaching with assessment and evaluating what stu-
dents know and how they think about mathematics
(NCTM 1989 an(l 1990).

National Research Council. NRC (1989) advocated
a revitalization of school mathematics and emphasized
how crucial it is for science, technology, and the econ-
omy that al! students receive high-quality education in
mathematics. Also under NRC auspices, the Mathe-
matical Sciences Education Board (MSEB) prepared two
reports on concepts and principles of mathematics. One,
a statement of philosophy and curricular frameworks,
provided a general structure to guide curriculum de-
velopment for the future (MSEB 19901)). The other, on
major strand,; of mathematical thought, was intended to
stimulate creative development of new curricula that
embody a broad interpretation of mathematics (MSEB
1 990a). These actions, involving many different
groupsmathematicians, scientists, educators, and
administratorswere intended to form the basis of a
national consensus for new directions in mathematics
education,

American Association for the Advancement of
Science. AAAS (1989) emphasized the benefits of
hands-on science experhnentation and recommended
that students engage more actively in "collecting, sort-
ing, cataloging; observing, note-taking, and sketching;
interviewing, polling, and surveying; and using hand
lenses, microscopes, thermometers, cameras, and other
common instruments" (p. 147).

Other Efforts. Besides advocating significant
changes in curriculum content, national organizations
sought ways to help promote the changes recommend-
ed. For example, in a joint effort between AAAS and
school districts, teams of teachers and researchers at six
sites across the country designed curriculum and school
structures for achieving the goals set forth in AAAS
(1989) (see Rothman 1990, pp. 1, 21).

One current national science reform project is the
Scope, Sequence, and Coordination (SS&C) project coor-
dinated by the National Science Teachers Association.
SS&C is an effort to undo the "layer cake" approach to
science in which science classes are offered in discipline-
specific classes (e.g., biology, chemistry, and physics)
which are taken by progressively fewer students as they
move into higher grades. SS&C aims to make science
more attractive to students and encourage more stu-
dentsespecially minorities and femalesto pursue

tw.
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S&E careers. University educators and school teachers
are worldng together to redesign science programs for
schools in 11w pilot sites. Changes taking place include
increased integration and coordination of the science
disciplines, science instruction that progresses from the
mostly empirical in the middle school grades to the
increasingly theoretical and abstract in higher grades,
and science courses coveting fewer topics to provide stu-
dents with IllOre indepth coverage.

State Reform Movements
To date, numerous education reforms have been

enacted in eveiy state. These reform efforts vary greatly
in range and scope, but most of them basically address
the need to impnwe academic standards and upgrade
teacher quality.

improving Academic Standards. In 1983, the
National Commission on Excellence in Education recom-
mended that high school students take a minimum of 4
years of English and 3 years each of mathematics, sci-

ence, and social studies in order to graduate. By 1990, 4
states and territories required 3 years of science, and 12
required 3 in mathematics. (See figure 1-24.) States con-
tinued to upgrade their science and mathematics require-
ments. For example, from 1989 to 1990, one state
increased its graduation requirements to 3 years of sci-
ence, and two increased tlieirs to 3 years of mathematics.

Some local districts require more credits in these sub-
jects for graduation than their states do, and many stu-
dents are taking more science and mathematics credits
than their states require. A study by the Center for
Policy Research in Educaton (CPRE) found that some
districts had raised their requirements more than they
otherwise would have in order to continue to exceed the
state's minimum (Fuhrman 1991).

The UPRE study also found that science gained the
most in terms cf coursetaking and requirements during
the 1980s. New sciela; ;,q..iirements were high relative
to pre-existing coursetaking, and science coursetaking
showed the largest and most consistent gains. Growth
occurred primarily in beginning academic courses like
physical sciences and earth sciences. In mathematics,
fewer students took remedial courses such as basic
mathematics and general mathematics, and more stu-
dents took courses such as pre-algebra and algebra.

Another study of state policies and coursetaking in sci-
ence and mathematics found that states that required
2.5 to 3 science credits had a median of 9 percent more
students enrolled in science than states requiring 2 cred-
its or less. The high-requirement states had a median of
4 percent more students taking upper-level science
courses, e.g., chemistry, physics, and advanced biology.
There was some evidence that a scic.ice graduation
requireinent above 2 credits was related to more upper-
level science coursetaking, but the data were not conclu-
sive because of the small number of states with higher
science requirements.
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Figure 1-24.
Number of course credits required by states
for high school graduation: 1990

Number of states
50

40

30

20

10

0
English Social studies Math Science

III 3 or more II 2 credits le <2 credits

NOTE: Not all states repotted for each field.

SOURCE R.K. Blank and M. Dalkilic, State Indicators of Science and
Mathematics Education: 1990 (Washington, DC: Council of Chief State
School Officers, 1991).
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In mathematics, the same study showed that states
requiring from 2.5 to 3 credits for graduation had a medi-
an of 10 percent more students taking mathematics
courses than states requiring 2 credits or less. However,
the high-requirement states had a median of only 2 per-
cent more students taking upper-level courses, i.e.,
geometry through calculus. These results indicated that,
on average, higher state graduation requirements did
not necessarily lead to substantially more students tak-
ing upper-level mathematics clurses, although there
were a few individual state exceptions to this pattern
(Blank and Dalkilic 1991, p.

Upgrading Teacher Quality. In a study of state pol-
icy issues pertaining to teachers and teaching, Fuhrman
(1991) reached three conclusions concerning teacher
shortages:

The national problem was not as severe as predict-
ed in the early 1980s,

Shortages varied markedly by state, and

Answers to questions about supply and demand of
science and mathematics teachers varied with the
criterion of teacher quality used.

Many states devised policies to increase the supply of
hbaclubrs in science and mathematics. States increased
the pay scale of teachers to retain and attract teachers
and provided loans for students entering training in
shortage fields. States also raised requirements for
teacher certification in science and mathematics at
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Attitudes of State Legislators Toward
Science and Mathematics Education Improvements

Although there have been many studies on the atti-
tudes toward education reform of various educational
leadership groups, little is known about the corre-
sponding attitudes and policy preferences of state leg-
islators. To answer this need, an annual sample survey
of state legislators was launched in 1990 (Miller 1990).

Are New Programs Needed? As part of the study,
the legislators were asked if their states should initiate
any new programs to improve science and mathemat-
ics education. Most of the legislators (80 percent)
thought that some new programs were needed; how-
ever, one in five was not sure what those programs
ought to be.

Among those who could identify specific programs
for improving science and mathematics education,
there was little consensus as to what should be done. A
slim majority advocated solutions related to program
delivery, including increased emphasis on the subjects
in the classroom, longer school days, and longer
school years. The second most popular set of recom-
mendations involved new curricula and materials.
Legislators' next-cited program preference focused on
improved teacher training and increased teacher pay
to yield better qualified teachers. The two least-cited
program options were increasing state standards or

requirements and establishing science and mathemat-
ics academies and magnet schools.

Is Education Sufficiently Funded? When asked
about state financial support, 56 percent of the legisla-
tors indicated that too little was being spent on public
elementary and ,..4.,rindary education in their states. In
fact, legislators plwed elementary and secondary edu-
cation near the top of their list of underfunded state
programs. Only a third of those surveyed indicated
that their states' educational funding was adequate;
another 8 percent thought that their states were pro-
viding too much support to public education.

Although there was no consensus as to what areas
of education should receive the highest funding prior-
ity, 16 percent of the legislators supported improved
teacher programs. Another 13 percent cited a need for
preschool and elementary school programs.

Interestingly, hardly any of the legislators identified
improvements in science and mathematics education
as the primary target of additional state spending.
Given legislators' general recognition of problems in
science and mathematics education, this finding could
indicate that most state legislators viewed these prob-
lems as only one aspect of a broader set of educational
reform issues to be addressed.

elenwntary and secondary levels. Some states passed
alternative certification policies intended to attract non-
certified college graduates to teaching, and many states
instituted mandatory teacher assessments to ensure that
rww teachers (and, in two states, all teaclwrs) met stan-
dards for verbal ability, knowledge of thcir teaching
field, and knowkdge of education in general (Blank and
Dalkilic 1991, P. 26).

The age distribution of science and mathematics
teachers indicated little likelihood nationwide of greater
shortages of teachers in these subjects than in other sub-
jects. Tlw fields of clwmistry and physics had slightly
nmre teaclwrs older than age 50 than other teaching
fields, but all the science and mathematics fields had
teachers younger than the average for all high school
teachers. A shortage of science and mathematics teach-
(TS could be anticipated in a few states with much higher
percentages of their teaching Wee older than age 50
than otlwr states.

In some states, the majority of science and matlwnmt-
ics teachers majon.d in colkge in the subject they teach.
But otlwr states had rtlatively few teachers with majors
in their subject. About half of Al high school science and
matlwmatics teachers had a college major in their
assigned field. In most states, school districts were abk

to hire and assign state-certified science and mathematics
teachers, but many of these teaclwrs did not meet higher
standards for preparation such as having a college major
in their assigned field or nweting standards set by profes-
sional societies (Blank and Dalkilic 1991, p. 42).

Impacts of State Reforms: Case Studies
Several assessments of state-kvel reforms have been

undertaken by individual states, tlw Center for Policy
Research in Education, and tlw Center for the Learning
and Teaching of Elementary Subjects in conjunction with
the National Center for Research on Teacher blucation.
In general, these assessments attempt to address sOMC
or all of tlw following issws:

'Wew the policies successful?

What wvre tlw effects of the reftirms?

How INCrt reforms implenwnted at the local kvel?

IIow have policies affected teaclwrs' choices about
teaching practices and course content?

Success of Policies. Stinw state reforms that were
initially seen as unlikely to lw implemented by local
school districts may lw yielding more benefik than
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anticipated. For example, both California and South
Carolina have been systematically tracking the effects of
their education reform packages for 4 years. Both sets
of assessments reveal that, although there is substantial
room for improvement, many of the initiatives have been
successfully implemented, have led to important changes
in districts and schools, have raised targeted indicators of
student performance, and have notas many observers
anticipatedleft at-risk students behind (Murphy 1989,
pp. 217-18).

Effects of Reforms. In a study of educational reform
in six states (Arizona, California, Florida, Georgia,
Minnesota, and Pennsylvania) undertaken by CPRE,
investigators concluded that educational reforms to
increase high school graduation requirements exerted a
powerful influence over schooling (Fuhrman and Elmore
1990, p. 86). Among other effects, these reforms led to dif-
ferent course offffings by many districts and schools, new
coursetaking patterns by large numbers of students, more
attention to the knowledge and skills addressed by stan-
dardized tests, and adjustments in teacher assignments.
Tiwse changes were effected even though many districts
had already met or exceeded the new requirenlents.

The study found that many local districts enacted poli-
cies of their own that exceeded the state mandates. As a
result, low-achieving students were more affected than
others by changes in minimum graduation require-
ments, because higher achieving students were already
likely to be taking courses impose(l by new state stan-
dards (CPRE 1990, p. 4). This local activity took a variety
of forms, e.g., enacting policies in anticipation of high
state mandates and using the state policies to achieve
their own district objectives. For example, of the 24 dis-
tricts studied in the 6 states, 10 had a strong form of cur-
riculum frameworks, course syllabi, tests, textbooks, and
(in some cases) teacher evaluation instruments to pro-
duce a more uniform curriculum across district schools.

Implementation of Reforms. According to the find-
ings of the CPRE study, states that had significant effects
on local education agencies appeared to rely more on
muhipk imchanisms of influence than on direct control.
The following arc ,,xamples of successfully used mecha-
nisms of influence.

MobilizatThn of Professional and public opinionthe
school reform packages of at least four states in the
CPRE sample were heavily influenced by organiwd
business interests, which mobilized public opinion
around highly visible statements of the rationale for
education reforms.

Using information about performance to shaPe the
local school district policy environmentCalifornia
and Florida published the results of state perfor-
mance assessments, using their extensive informa-
tion on school-kvel performance to shape the terms
of debate about the success of educational reform
and school eff(Ttiveness.
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Effects on Teachers' Choices. The CPRE study
also found that new state and district policies appeared
to have affected teaching practices less than course con-
tent. States and districts had revised curriculum guides
and frameworks in an effort to lend P.Tvater emphasis to
higher order thinking skills and problem-solving. But
the study evidence suggested that state and district
activity in this area affected teachers only sporadically.
Some teachers adopted new practices, while others con-
tinued to use the same pedagogy and emphasize similar
kinds of knowledge as before.

Problems associated with the implementation of poli-
cies to increase higher order skill teaching included the
fact that only limited resources were devoted to staff
development in this area. Also, laboratory work contin-
ued to play a relatively small role in most science classes
because many sthools had inadequate laboratmy facili-
ties and lacked chemicals and equipment necessary to
conduct basic laboratory exercises.

Another study focused on changes in elementary
school mathematics classroom teaching practices as
they related to a newly enacted California state policy of
teaching mathematics for understanding.'8 The policy
reflected an effort to shift mathematics teaching from
mechanical drill and memorization toward reasoning and
understanding. Unlike many similar policies that either
set broad goals or required that certain courses be
taken, the California reform used the concept of instruc-
tional "alignment" to improve mathematics teaching and
learning. In accordance with this concept, the state
recast its curriculum guidelines, textbooks, and assess-
ments to convey clear messages of change to both teach-
ers and students.

The policy challenged basic beliefs about mathematics,
about how students learn mathematics, and about how
teachers perceive theif role and conduct their classes.
Based on preliminary analyses, teacher responses to the
new policy iiivear to vary widely. Several of the teachers
viewed mathematics rather traditionally, as a sequence of
topics to be covered serially. These teachers organized the
new content into the existing structure of traditional school
mathematics. Some teachers saw the policy as a new
source of teaching strategies and fully exploited the poli-
cy's recommendation to transmit material more effectively
through such tactics as classroom games, filmstrips, and
concrete models. Other teachers used these strategies too;
however, these individuals used the strategies as simply a
novel means of capturing students' attention in memoriz-
ing the traditJnal rules and procedures without giving stu-
dents an opportunity to explore on their own.
Consequently, these teaclwrs, like tlw first group
described, filtered the new mathematics instruction policy
through the traditional structure of rote karning.

-This study induded nine teachers in six different elcmentary
schools (half of which were high SES schook an(l half of which wcre
low) in thrce different California school districts (Cohen 1990).



40 Chapter 1. Pi ecollege Science and Mathematics Education

Summary

Following an outpouring of Federal, state, and local
educational reform, overall student achievement in sci-
ence and mathematics since 1977 is beginning to im-
provebut the levels are only at those attained around
1970. There are positive results in terms of equality of
educational attainment: gaps in performance in science
and mathematics between black and Hispanic students
and their white peers are being reduced. Attainment in
analytical and higher order skills remains low and sub-
stantially unchanged.

Why there has not been more progress is a matter of
continuing national debate. One significant finding in
this regard is that inadequate resources for staff develop-
ment and foi laboratmy equipment have inhibited effec-
tive implementation of state and district policies to
increase school teaching of higher order thinking and
analytical skills.

Numerous national and international studies point to a
number of aggregated and individual variables (most of

which have been reported in this chapter) that appear to
be positively related to educational success. But no mat-
ter how detailed and careful the statistical analysis,
causal relationships cannot be inferred based on these
data alonewhether students with higher proficiency
seek out more rigorous courses in school and pursue
them with more rigid academic vigor, or whether the
courses themselves strengthen proficiency.

Applebee, Langcr, and Mullis (1989, p. 6) draw the fol-
lowing conclusion about the current status and condition
of education in the United States:

Anwrican education is at a crossroads. While aca-
demic achievement appears to be improving after
years of decline, the continuing lack of growth in
higher-level skills suggests that more fundamental
changes in curriculum and instruction may be needed
in order to produce more substantial improvements.
11w educational system in this country needs to
extend its focus from the teaching and learning of
skills and cont(mt to include an emphasis on the pur-
poseful use of skill and knowledge.
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Higher Education in Science and Engineering

HIGHLIGHTS

Characteristics of Higher Education
Institutions

Research I universities dominate science and en-
gineering (S&E) doctorate production; they also
award a sizable proportion of S&E baccalaureates.
In 1988, research I universities, which accounted for
about one-quarter of the U.S. academic institutions
that offered S&E doctorate study, awarded two-thirds
of the year's S&E doctorates. The 5 percent of bac-
calaureate-granting schools classified as research 1 pro-
duced 30 percent of S&E bachelors degrees. See pp.
46-47.

Tracing the baccalaureate institutional origins of
recent S&E doctorate recipients reinforces the sig-
nificant role played by research-intensive universi-
ties. About two-fifths of the people who earned S&E
doctorates between 1985 and 1990 had received their
bachelors degrees at research-intensive universities.
Another one-quarter received their baccalaureates from
other doctorate-granting institutions. See pp. 47-48.

Comprehensive I schools are more significant in
baccalaureate and masters S&E education than
in doctoral studies. Roughly 29 percent of S&E
bachelors degrees and 21 percent of masters degrees
were granted by comprehensive I schools in 1988. In
contrast, these schools accounted for about 1 percent
of S&E doctorates. See pp. 46-47.

Undergraduate Students

In the late eighties, female undergraduates out-
numbered males, and the proportion of under-
graduates in their late 20s or older continued to
grow. Despite declining enrollments by the traditional
college-age group (18- to 21-year-olds) in the eighties.
undergraduate enrollments increased by almost 2 mil-
lion. Some of this increase was due to greater partici-
pation in higher education by females, particularly
older females. In 1988, females represented over half
of both undergraduate enrollment and high school
graduates. See p. 48.

Increasingly, undergraduates have been enrolling
part time and attending 2-year institutions. Part-
time students made up over 40 lwrcent of undergrad-
uate enrollment in 1988; this proportion was up from
25 percent 10 years earlier. Enrollments in 2-year col-
leges have also risen significz:7,0v, accounting for
more than half the growth in ov undergraduate
enrollments in the last 10 years. See p. 48.

Freshman Characteristics

Among freshmen intending to major in S&E fields,
the proportion choosing natural science steadily
declined in die last 20 years; concurrently, interest
in engineering, which had faltered, began to recov-
er. The percentages of S&E freshmen who planned a
major in mathematics or the physical sciences
declined between 1971 and 1990. Interest in engineer-
ing. on the other hand, continued to increase until the
early eighties at which point it declined; the latter part
of the eighties saw a slow increase in freshman inter-
est. See p. 49.

Underrepresented minorities are less likely than
whites and Asians to plan a major in S&E fields.
In 1990, roughly one-third ,of blacks, Native
Americans, and Hispanics reported an S&E field as
their probable major. In contrast, over two-fifths of
Asians planned to major in science or engineering.
See p. 49.

S&E Degree Production and Graduate
Enrollments

Undergraduate degree production declined during
the 1980s in most S&E fields. Over the decade, the
number of degrees dropped in most natural and behav-
ioral science fields but rose in the computer sciences.
Between 1985 and 1989, the number of undergraduate
degrees awarded dropped in virtually all S&E fields
except the behavioral sciences. See p. 50.

Some leading indicators suggest that the decline
in the proportion of bachelors degrees awarded
in S&E fields may level off in the near future.
Data on freshman plans predict that the long-term
decline in the proportion of natural science degrees
may have bottomed out in 1990 and that recovery may
be evident in the proportions of computer Kience and
engineering degrees in 1992. Bachelors degrees in the
behavioral sciences are likely to peak as a percentPge
of all baccalaureates in the early nineties. See p. 52.

Financial Support

Financial support for graduate education has
shifted somewhat toward non-Federi.! sources.
Non-Federal sources of financial support were report-
ed by a majority (53 percent) of S&E graduate stu-
dents in 1990. up from 48 percent 10 years earlier.
During the same period, Federal sources, which had
declined in the early eighties, began to rebound in the
latter half of the decade. See p. 57.



Science & Engineering Indicators - 1991

Foreign Participation in S&E Graduate
Education

Participation by foreign citizens in U.S. S&E
graduate programs has increased. S&E graduate
enrollment of foreign citizens increased by more than
two-fifths during the eighties; in 1990, foreigners
accounted for more than one-quarter of the graduate
students in these fields. Similarly, among S&E doctor-
ate recipients, foreign participation almost doubled
over the decade. In 1990, about one in three S&E doc-
torate recipients was on either a temporary or perma-
nent visa. See pp. 58-59.

Foreign citizens tend to concentrate on engineer-
ing and certain natural science fields rather than
on the behavioral sciences. In 1990. the majority of
doctorates in engineering (57 percent) and mathemat-
ics (56 percent) were granted to non-U.S. citizens. In

Introduction

Chapter Focus
This chapter focuses on higher education in science

and engineering (S&E). Specifically, indicatON are
examined for the following three topic areas:

Characteristics of U.S. institutions that grant degrees
in Sct:!E. Exploring the characteristic; of the differ-
ent types of institutions that grant S&E degrees
reveals the very different roles that these institu-
tions play in the educational process. Classifying
universities and colleges by broad categories shows
differences by both degree levd and discipline.

Characteristics of the U.S. student population at the
undergraduate and graduate levels. Trends in
degree production and enrollments among the ti).S.
student population indicate two phenomena. At all
educational levels, increasing percentages of the
postsecondary population are made up of women
and older students. Partially reflecting these demo-
graphic trends, there has been a marked decline in
the choice of many S&E fields as areas of study,
especially at the baccalaureate level.

International issues. S&E education is becoming
increasingly internationalized. For example, tlw
number of foreign students studying at U.S. institu-
tions, particularly at advanced degree levels, has
grown so inuch more rapidly than that of IT.S. stu-
dents that f(weign students now account for num'
than half of the doctorates awarded in some S&E
fields. Another international issue involves the com-
parison of the number of S&E degrees awarded by
various countries. For example, in Japn, about 6.4

45

comparison, foreign students received 36 percent of
the doctorates granted in the social sciences and only
6 percent of those in psychology. See p. 59.

International Comparisons of Baccalaureate
Production

There has been a rapid rise in bachelors degree
production in natural science and engineering
(NS&E) fields in Asia. Between 1975 and 1988,
NS&E degrees more than doubled in South Korea,
Singapore, and Taiwan. The comparable increase in
developed countries was 16 percent. See p. 60.

Participation in NS&E education is highest in
the USSR. About 9 percent of 22-year-olds in the
USSR earned baccalaureates in NS&E fields in 1988,
compared to 5 percent in the United States and 0.6
percent in China. See pp. 61-62.

percent of the college-age population received first
university degrees in the natural sciences and engi-
neering. In the United States, this proportion was 5
percent.

Chapter Organization

This chapter is divided into five major sections. The
first of these provides information on indicators related
to the characterktics of I J.S. institutions including (1) the
different types of institutions that award S&E degrees at
various levels and (2)baccalaureate origin institutions of
recent S&F. doctorate recipients.

The second and third sections cover topics related to
tlw characteristics of American college freshmen and
high school graduates; graduate enrollment in S&E pro-
grams: and S&E degree production at the baccalaureate,
masters, and doctorate degree levels. The fciurth section
explores a related indicator, that of major smirces of
financial support reported by undergraduate and gradu-
ate students in U.S. institutions.

The final section of the chapter revolves around two
issues of international comparison: ( 1) the increasing
number of foreign students at U.S. colleges and universi-
ties and (2) degree production tremls for sekcted coun-
tries, including six Asian countries.

Characteristics of Higher Education
Institutions

Then' are more than 3,000 institutions of higher edu-
cation in the l)lited States, playing a variety of roles at
each degree h'vel in the S&E education process. To
assess and examine the different characteristics of thew
institutions, a classification scheme was devehwed by

f! 1
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the Carnegie Foundation for the Advancenwnt of Teach-
ing (Carnegie 1987). Widely used by the academic com-
munity as a means of viewing the overall structure of the
U.S. higher education system, the classification system
was first introduced in 1970 and revised slightly in 1976
and 1987. See "Classification of Academic Institutions,"
p. 47, for a brief description of the Carnegie categories
used in this chapter.

Bachelors Level

Of the 1,700 institutions that granted baccalaureates,
almost 1,400 granted (legrees in S&F, fields in 1988. (See
text table 2-1.) Comprehensive I and liberal arts II
schools accounted for over half of the institutions with
S&E programs: research I and research II universities
reresented 5 and 2 percent, respectively, of all institu-
tions offering S&E baccalaureates. These proportions
change, however, by S&E field. For example, almost 17
percent of the schools offering undergraduate engineer-
ing degrets were in the research I category, while these
schools represented 5 percent of undergraduate degrees
in the natural sciences.

Research I and comprehensive I schools accounted for
the largest fractions of S&E baccalaureates awarded: 30
percent and 29 percent in 1988. (See figure 2-1.) Liberal
arts II schools, on the other hand, granted fewer than 4
percent of all S&E baccalaureates that year. Again, dif-
ferences emerge by discipline. About two-fifths of all
engineering graduates were from research I schools,
and about one-third of natural science graduates attend-
ed comprehensive I institutions.

In terms of percentage of bachelors degrees awarded
in science and engineering (i.e., S&L:, pro(luctivity),

Text table 2-1.
Number of academic institutions with science and
engineering (S&E) programs, by degree level: 1988

S&E
bachelors

Type of institution programs

S&E S&E
masters doctorate

programs programs

Total

Research I
Research II
Doctorate-granting I.
Doctorate-granting II
Comprehensive
Comprehensive 11 . .

Liberal arts I
Liberal arts II
Two-year institutions
Specialized
Other
Not classified

1,392 645 291

67 68 70
34 34 34

. 47 48 48

. 54 57 52
394 275 35

. 163 43 2

138 28 3

380 26 1

. 15 0 0

83 45 33

11 19 13

6 2 0

See appendix tables 2-1, 2-2, and 2-3.
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Figure 2-1.
Relative production of science and
engineering degrees, by (liegree level and
institution type: 1988
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II Research I
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See appendix tables 2-1, 2-2. and 2-3.
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other types of institutions stood out. For example, almost
45 percent of the degrees awarded by liberal arts I
schools were in S&E fields in 1988. Also, a third of the
degrees in research II and doctorate-granting II schools
were in these fields. In comparison, S&E degrees repre-
sented 25 and 20 percent, respectively, of the degrees
awarded by comprehensive I and liberal arts II institu-
tions. About 43 percent of the degrees conferred by
research I schools were in science and engineering.

Historically black colleges and universities are vital to
the undergraduate education of minorities in science
and engineering. These schools comprise fewer than
one-tenth of the number of institutions in the three
Carnegie categories in which they are classified (com-
prehensive I and II and liberal arts II). Yet, historically
black colleges and universities account for about one-
third of natural science and engineering (NS&E) bac-
calaureates earned by minorities who are underrepre-
sented in S&E (i.e., blacks, Native Americans, and
Hispanics), In the aggregate, comprehensive I and II
and liberal arts II schools graduate about 62 percent of
minorities earning NS&E degrees.

Masters Level
About 65,000 S&F masters degrees were awarded by

645 institutions in 1988. Comprehensive I schools made
up the largest proportion of these masters-granting
schools (43 percent): the next largest proportion (11 pet
cent) was the research I category.
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Classification of Academic Institutions

Following are brief descriptions of the Carnegie cat-
egories used in this chapter (Carnegie 1987).

Research institutions that offer a full range of
baccalaureate programs, are committed to graduate
education through the doctorate degree, and give high
priority to research. They receive at least $33.5 million
annually in Federal support and award at least 50
Ph.D. degrees each year.

Research institutions that offer a full range of
baccalaureate programs, are committed to graduate
education through the doctorate degree, and give high
priority to research. They receive between $12.5 and
$33.5 million annually in Federal support and award at
least 50 Ph.D. degrees each year.

Doctorate-granting in addition to offering a full
range of baccalaureate programs, the mission of these
institutions includes a commitment to graduate educa-
tion through the doctorate degree. They award at least
40 Ph.D. degrees annually in five or more academic
disciplines.

Doctorate-granting in addition to offering a full
range of baccalaureate programs, the mission of these
institutions includes a commitment to graduate educa-
tion through the doctorate degree. They award at least
20 or more Ph.D. degrees annually in at least one disci-
pline or 10 or more Ph.D. degrees in three or more dis-
ciplines.

Comprehensive institutions that offer baccalau-
reate programs and, with few exceptions, graduate
education through the masters degree. More than half
of their baccalaureate degrees are awarded in two or
more occupational or professional disciplines such as
engineering or business administration. All of the insti-
tutions in this group enroll at least 2,500 students.

Comprehensive institutions that award more
than half of their baccalaureate degrees in two or more
occupational or professional disciplines, such as engi-
neering or business adininistration, and may also offer
graduate education through the masters degree. All of
the institutions in this gioup enroll between 1,500 and
2,500 students.

Liberal arts highly selective institutions that are
primarily undergraduate colleges that award more
than half of their baccalaureate degrees in arts and sci-
ence fields.

Liberal arts primarily undergraduate colleges that
are less selective and award more than half their degrees
in liberal arts fields. This category includes a group of
colleges that award fewer than half their degrees in liber-
al arts fields but, with fewer than 1,500 students, are too
small to be considered comprehensive.

Two-year community, junior, and technical col-
leges: institutions that offer certificate or degree pro-
grams through the associate degree level and, with
few exceptions, offer no baccalaureate degrees.

Professional schools and other specialized
institutions: institutions that offer degrees ranging
from the bachelors to the doctorate. At least half of the
degrees awarded by these institutions are in a single
specialized field. These institutions include theological
seminaries, bible colleges, and other institutions offer-
ing degrees in religion; medical schools and centers;
other separate health profession schools; law schools;
engineering and technology schools; business and man-
agement schools; schools of art, music, and design;
teachers colleges; and corporate-sponsored institutions.

S&E masters degree production is most highly con-
centrated in research I schools. Over two-fifths of the
degrees awarded in 1988 were made by this type of
school. By broad field, over half of engineering degrees
and two-fifths :if natural science degrees were from
research I schools. In the social sciences and psychol-
ogy, on the other hand. research I schools accounted fin.
slightly more than one-quarter of degrees; comprehen-
sive I schools accounted for another three-tenths.

Doctorate Level
The production of S&E doctoral degrees is concen-

trated in fewer than 300 institutions. Alnuist percint
of these schools were research or doctorate-granting
institutions. Tlw 300 doctorate-granting institutions
awarded almost llR) S&E degrees in 1 188.

Regardless of S&E field. research I schook produce
the niajority of S&E Ph.D. recipients. In 1988, more than

two-thirds of natural science doctorates and almost
three-quarters of engineering doctorates were conferred
by research I institutions. Similarly. these schools
accounted for over half of all social science and psychol-
ogy doctorates awarded.

Baccalaureate Institutions Attended by :J&E
Doctorate Recipients'

Recent S&P, doctorate recipients cited approximately
1.400 colleges and universities as the sources of
tlwir undergraduate degrees. lking the Carnegie classi-
fication to examiiw the tylws of source institutions
indicates that these are concentrated in two major

. .

I1ii section explores the baccalaureate origin institutions ktr doctor-
ale-holders %Vito received their SM.: Ph.D. degrees in ticadrinic years
1985-9n. Cohorts %Vert, combined to ensure an adequate number ol eases
tor tinalysis. I /ilia in Ihk section are trom SIC-; tkoheoining I c
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categories. These ategoriesresearch and doctorate-
granting institutionsaccounted for about two-thirds of
the baccalaureate degrees awarded to new doctorate
recipients; interestingly, together they represented only
about 15 percent of the 1,400 schools.

Type of institution varied somewhat by field. For
example, roughly half of the individuals who held Ph.D.
degrees in either the computer sciences, agricultural sci-
ence, or engineering received their bachelors degrees at
a research university. Among psychology and social
science Ph.D. recipients, on the other hand, about one-

. third earned baccalaureates from these schools.
Although research and other doctorate-granting

schools are the primaly S&E baccalaureate origin insti-
tutions of recent S&I.; Ph.D. recipients, non-doctorate-
granting institutions are also significant. Yor example,
about one-fifth of new Ph.D. recipients earned their
undergraduate degrees from cc.nprehensive institutions.
These schools were especially prominent as institutional
origins for Ph.D. recipients in the physical, biological,
and social sciences and psychology. In addition, liberal
arts colleges served as the baccalaureate origin institu-
tions for 14 percent of new doctorate recipients.

Undergraduate
S&E Student Population

Recent Trends in College Enrollments'
The composition of the undergraduate student body

as a whole has changed markedly over the last 25 years.
Increasingly over this period, higher fractions of under-
graduates were

Older,

Female,

Attending school part time,

Attending 2-year institutions, and/or

Returning to school after an interruption in their
studies.

Larger fractions of these students contributed heavily
to the unexpectedly high increases in undergraduate
enrollment over the last decade. Many of these students,
however, are less prone to earn bachelors degrees in
S&E fields. Consequently, S&E degree production did
not keep pace with growth in overall enrollment. Factors
in this growth are described below.

In the last two decades, undergraduate enrollment
grew considerably faster than did the traditional under-
graduate age group (18- to 21-year-ol(l s). Concurrent
with the decline in this group was an increased demand
for higher education by all age grouPs. The percentage of

'This section discusses trends in undergraduate enrollnients overall.
Um just ii S&E prograins.

18- to 24-year-olds enrolled as undergraduates rose from
about 24 percent in the late seventies to 28 percent in
1989. For 25- to 44-year-olds, the increase was propor-
tional to that of the younger group, rising from 4.5 per-
cent to 5.3 percent.

Women are participating in postsecondary education
in much greater numbers. By 1988, they comprised a
greater share of undergraduate enrollment than they did
of high school graduates: 54 percent versus 51 percent.
Twenty years earlier, these percentages were 42 and 51,
respectively.

Part-time enrollment in undergraduate programs rose
significantly between 1979 and 1989. More than two-
fifths of undergraduate students were enrolled on a part-
time basis, up from about one-quarter. This increase
reflects three trends: (1) a rising tendency among older
women to return to college after dropping out to start
families and/or work full time, (2) an increase in 2-year
college enrollments, and (3) an increase in students who
either delay entry to college or extend the period of their
studies past the traditional 4 years.

Conconfitant with growth in part-time enrollments is
growth in 2-year college enrollments. More than half of
the increase in undergraduate students was accounted
fo; in 2-year institutions. In addition, the share of all
undergraduates who were enrolled part time in 2-year
schools rose from 11 to 27 percent. Female part-time stu-
dents accounted for two-thirds of the increase. In 1989,
females accounted for 16 percent of part-time students at
2-year institutions, up from 5 percent in 1967. The
increase in 2-year college enrollments of women reflects
many factors, including the relative affordability of 2-year
institutions and the larger number of evening classes
offered by these schools.

Finally, a greater number of students appear to be
either returning to school after interrupting their studies
or beginning their studies several years after graduating
from high school. An indication of these trends is that the
number of first-time freshmen at 4-year universities and
colleges remained fairly level over the last two decades,
even though overall enrollments increased dramatically.

Characteristics of American College Freshmen.'
This section explores trends in the following selected

characteristics of first-tinw full-time freshmen enrolled in
4-year universities and colleges over the last 20 years:

Data in this section are from the Higher Education Research
Institute, University of California at Los Angeles. the American
Freshmen Norm Survey. unpublished tabulations. ote that although
the institutional popuhition for this survey is drawn from all "eligible"
institutions of higher education (i.e.. all institutions that were o)erating
at the time of the survey and had a freshman class of at least 25 stu-
dents) listed in the annual 1)epartment of Education Mucation
Directory, the actual sample is stn.-selected. For example, ol the 2.725
eligible institutions invited to participate in the 1989 survey, 599
responded. Any biases that may result from this selection process are
corrected in the stratification scheme.
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High school grades,

Parents' education and 6ccupations,

Planned majors,

Planned careeN, and

Highest degree planned.

High School Grades. In the last two decades, grades
reported by freshnwn who intended to major in a sci-
ence or engineering field leveled off after an initial
increase. For example, tlw average percentage citing
their high school grades in tlw "mostly A or A+" range
rose from 10 percent in 1971 to 20 percent in 1978 but
remained around 20 percent through 1990. The percent-
age of S&E stucknts showing a B average or better has
been about 80 iwrcent since the early seventies. In com-
parison, over most of the last two decades, the distribu-
tion of grades reported by freshmen majoring in non-
S&E fields was about 10 iwrcent in the A range and
about 70 percent in the 13 or better categoiy.

Parents' Education and Occupations. Between
1971 and 1990, there was a steady increase in the educa-
tion kvels of S&E freshmen's parents. For exampk, the
fraction of fathers who held bachelors degrees rose from
22 to 23 percent, while the proportion of mothers who
had earned these degrees increased from 18 to 23 per-
cent. In addition, the proportion of fathers who held
graduate degrees rose from 13 percent to 24 wrcent; for
mothers, the increase was from 4 to 13 percent.

Regarding parental occupations reported by S&E
freshmen, virtually no change was evident between 1971
and 1990 in the distribution of fatlwrs' occupations.
Tlwre was, however, a shift in the fraction who reported
that their nmthers held professional jobs. While the pro-
portioi. of motheN who worked as skilled or semi-skilled
operatives remained steady at 5 percent throughout this
period, tlw proportion working as lawyers, health profes-
sionals, teachers, and clergy rose from 12 percent to 23
iwrcent. Mothers' representation in business occupa-
tions also increased, rising from 5 to 14 percent.

Planned Majors.' Tlw most notable changes in the
planned S&E majors of college freshmen over the last
two decades were in the fields of engineering, tlw com-
puter sciences, and tlw social sciences. Inwrest in engi-
neering as a probabk major peaked in the early eighties,
declined, and began to rise again at the end of the
decade. Interest in the computer sciences also peaked in
the early eighties but has not shown any recovery. In con-
trast, majors in the social sciences have increased stead-
ily after a two-decade low in 1983. (See figure 2-2 for a
more complete picture of the changes in distribution of
freshmen's plarawd S&L majors.) Much of the rise in stu-
dents planning to major in the social sciences and psy-
chology is attributable to femak freshmen. In 1990 about

'Data on agricultural sciences are not included in S&F. fields tor
American Ires.hmen,
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55 percent of female &KA.: freshmen chose these fields of
study, up from 39 percent in the early eighties.

Examining intended majors by racial/ethnic group
reveals that memberF of those minorities that are under-
represen tNI in S&Eblacks, Native Americans, and
Hispanicsare less likely to choose an S&E field than are
other groups. In 1990, about one-third of blacks, Native
Americans, and Hispanics planned to major in an S&E
field, while over two-fifths of Asian freslunen did so. I3y
field, underrepresented minorities are more apt to choose
social science or psychology fields: Asians are more
inclined toward the physical sciences and engineering.

Planned Careers. In 1990, engineering was the prob-
able career chosen by the largest fraction of freshmen
planning an S&E major (28 percent). Law (10 percent)
and scientific research (6 percent) were the next most
frequently cited occupations. (See figure 2-3.) Since
1970, tlw proportions of S&E freshmen choosing these
three careers have differed substantially. While the frac-
tion choosing law practically doubled over the 20-year
period, interest in scientific research careers dropped by
a third. Interest in engineering careeN, on the other
hand, followed a pattern similar to those of freshman
intentions and baccalaureate production in the field:
Interest peaked in the early eighties, declined, and
began to rise again in the latter part of the decade.

Figure 2-2.
Intended science and engineering majors
of American freshmen
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Differences in career plans emerge when examined by
gender. For example, 40 p ere e nt of male freshmen
chose engineering; another 6 percent planned a com-
puter programming career. Among female freshmen, the
proportions citing these career choices were about 12
and 4 perc(nt, respectively. Females were more inclined
toward careers in psychology or social work than males
(18 percent versus 2 percent). Females were also more
likely to be undecided about their career plans than
males (11 versus 7 percent).

Highest Degree Planned. Interest in earning ad-
vanced degrees edged upward among S&E freshnwn
over the last two decades. For example, the fraction plan-
ning to earn a Ph.D. increased from 19 percent in the
early seventies to 25 percent in 1990. In contrast, those
who cited the baccalaureate as their highest degree
planned fell from 31 to 19 percent. This general pattern of
degree plans also existed among freshmen choosing non-
S&E majors, although the largest increase for those stu-
dents was in the proportion planning to earn a masters
degree: 29 percent in 1971 to 42 percent in 1990.

Engineering Enrollments
In most fields, especially the sciences, students are

not required to declare their majors until the second or
third year. Exceptions to this general rule are engineer-
ing and engineering technologies. Undergraduate pro-
grams in these fields are often professional curricula that
start in the first year. Surveys by the Engineering

Figure 2-3.
Probable careers of American freshmen in 1990
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Manpower Commission provide tr(md data on full- and
part-time engineering and engineering technology
enrollments in both baccalaureate and 2-year programs.'
Data on first-year enrollments in these fields provide
early indicators of future degree production patterns as
well as changes in student preferences toward.engineer-
ing study.

Full-time enrollments in engineering programs rose
from the late seventies until the early eighties and then
fell sharply. In the fall of 1989, the number of freshmen
enrolled in full-time engineering programs was about
95,000, down from a high of more than 115,00() during
1981 and 1982. (See figure 2-4.) Fluctuations in part-time
enrollments indicate no consistent trend over the decade.

Trends in engineering technology programs mirror
those in engineering. First-year enrollments dropped
after the early eighties, although these numbers appar-
ently stabilized in the latter part of the eighties. Com-
paratively, part-time enrollment in technology programs
has been increasing during the last several years.

S&E Baccalaureate Production"
S&E bachelors degree production fluctuated during

the 1980s. The number of S&E bachelors degrees
awarded each year increased until about 1986, fell
sharply in 1987 and 1988, and leveled off in 1989. Despite
these fluctuations, people earning S&E baccalaureates
accounted for increasingly larger fractions of the general
population, rising from 68 per thousand 22-year-olds in
1980 to 84 in 1989.

In 1989, almost 308,000 bachelors degrees were award-
ed in S&E fields: these represented about 30 percent of all
degrees granted in the United States. Although the trend
in overall S&E degree production varied considerably,
S&E degrees as a fraction of total degrees did not change
markedly over the decade.

Annual growth rates of bachelors d Trees within major
S&E fields differed widely over the decade. (See figure
2-5 and figure 0-15 in Overview.) Between 1980 and 1989,
the numbers of degrees awarded in the physical, environ-
mental, and life sciences all declined: in contrast, comput-
er science baccalaureates rose drania:ically.

Shorter term growth rates reveal a somewhat differ-
ent picture. In the latter part of tll eighties, 1985-89,
degree production increased in the social sciences and

Hata are from Engineering 'Manpower C'onunksion (199)). En-
rollment data are collected on engineering programs approved by the
Accreditation Board of Engineering ;mil Technology. Upon successful
completion of an engineering program. a student receives a bachelors
degree or. in the case of a 3-year program, an engineering professional
degree. Engineering technology programs are usually 2-year programs
terminating in an associate degree; ome technology programs. how-
ever. (lo offer I year programs of study.

)ata for bachelors degwes ill W.: lked in flik seeffori aro from Ifff
National Center tor Education Statistics's Anima; Survey of Earned
Degrees; the data have been adapted to National Science Foundation
field classifications. See SRS (1991).
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psychology but declined in virtually all major natural sci-
ence fields and engineering.

In 1989, about four-fifths of tlw S&E baccalaureate
degrees awarded were in science fields (240,000) and
one-fifth in engineering (67,000). In the sciences, the
largest fractions of degrees were in the social sciences
(31 percent), life sciences (22 percent). and psychology
(20 percent).

Using data On probable major field of study reported
by incoming freshmen as a barometer of future degree
production patterns indk-ates that current field trends
may not continue. Interest in the social sciences as a
major field of study peaked in 1988, stemming an
increase that began in 1982. On the other hand, interest
in engineering, which was on the decline, began to rise.
For a more detailed discussion of the relationship
between bachelors degree production and the inteno z1
majors of American freshmen, see "Relationship
Between S&E Baccalaureate Production and Freshman
Intentions," p. 52.

Degrees by Gender. The number of woolen earning
bachelors degrees in S&E fields increased throughout
the 1980s. This increase, coupled with a decline in S&E
degree production among Iiten since 1987, resulted in a

Data are from the Higher Education Research Institute, I niversity
of California at 1.41% the American Freshmen Norm Survey.
unpublished tabulations.

Figure 2-4.
Undergraduate enrollment trends for engineering
and engineering technology programs
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Figure 2-5.
Annual change in science and engineering
baccalaureates, by field: 1980-89
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rise in the representation of female degree-holders
from 36 to 40 percent between 1980 and 1989. Wonwn
account for higher shares of science than engineering
degrees. For instance, in 1989, over 70 percent of
psychology baccalaureates and more than 40 percent of
thosf.. in mathematics, the life sciences, and the social
sciences were awarded to women. In contrast, roughly
15 percent of 1989 engineering graduates were female.

Although women made gains in all ME fields between
1980 and 1989, the number earning degrees in some dis-
ciplines began to fall at the end of the decade. In fact,
from 1988 to 1989, the ME baccalaureates earned by
women declined in all fields except psychology and the
social sciences. The largest declines were in the comput-
er sciences and engineering. Degrees earned by males
experienced similar declines over the 2-year period.

Degrees by Racial/Ethnic Group." In 1989, almost
34,000-10 percentS&E bachelors degrees were
granted to underrepresented minorities (blacks, Native
Americans. and Hispanics). In 1979. this number was
about 30,000 (9 percent of total degrees). Although the
number of degrees granted to underrepresented minori-
ties in general increased from 1979 to 1989, the mnuber
awarded to blacks changed very little, falling from 18,700
in 1979 to 18.400 in 1989. Tlw rapid increases in engi-
neering and computer science degrees earned by blacks
over this period were countered by substantial declines
in degree production in the life and social sciences and
psychology.

.S& &w.f.(' data by racial/ethnic group are tor citizens aml
permanent residents.
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First-Year Full-Time Enrollments. Slow growth in
S&E enrollments overall may be partially explained by the
very slow growth in first-year full-time enrollmerts. These
students represented about 28 percent of all full-time S&E
graduate students in 1990, down from 32 percent in 1982
(the earliest year for which comparable (lata are avail-
able). Between 1982 and 1990, first-year enrollments
increased at only about half the annual rate of total full-
time enrollments: 1.0 percent per year compared to 2.1
percent. First-year enrollments, however, began to turn
sharply upward in 1989.

Part-Time Enrollments. In 1990, about one oet of
every three graduate S&E students was enrolled part
time. Since 1982, these enrollmentslike first-year full-
time enrollmentshave been increasing at a somewhat
slower rate than overall enrollments: 1.4 percent versus
1.8 percent.

Conlpared to graduate enrollment overall, part-time stu-
dents are more highly concentrated in engineering, the
social sciences, and the computer sciences. These fields
accounted fnr 32, 22, and 13 percent of part-time S&L stu-
dents, respectively. Overall, respective shares for these
fields were 27 percent, 20 percent, and 9 percent.

Enrollments by Gender. The number of women
enrolled in S&F, graduate programs rose significantly
from about 94,8(X) in 1980 to almost 135,3(X) in 1990. By
1990, about 34 percent of graduate S&E students were
female, compared to 29 percent in 1980. Representation of
women varied by field, however. (See figure 2-7.)
highest increases by women were in those S&E fields in
which they historically have been the most underrepre-
sented: the physical sciences, computer sciences, and
engineering. Annnal growth rates in these fields were 5, '1,
and 8 percent, respectively. For men, respective growth
rates in these fields were lower than 2 percent, 9 percent,
and 3 percent.

In contrast to the rapid growth in female S&E enroll-
ment, enrollment of men grew very slowly overall and
declined in several fields. For ihe 1980-90 period, the num-
ber of male graduate students rose about 1 percent per
year; the number of fenmles rose 3 percent annually. By
field, decreases in the number of men pursuing graduate
work occurred in the environmental, life, and social sci-
ences and in psychology.

Enrollments by Racial/Ethnic Group.'3 The number
of citizen blacks, Native Americans, and Hispanics in
S&F, graduate programs increased from 20,900 in 1983
(the earliest year for which comparable data are avail-
able) to 24,400 in 1990. This change represents a growth
rate slower than that of overall enrollments (1.4 percent
versus 1.7 percent) but faster than that of total U.S. citizens
(0.8 percent) 'roportionally, these groups accounted for
about 8.2 pc . 1. of S&E enrollments of U.S. citizens in

nala on SM:, gradnate enrohinient by racial/ethnic grolip are only
availablu tor U.S. citizens.
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Figure 2-7,
Women as a percentage of science and
engineering graduate students: 1990
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1990, up from 7.5 percent in 1983. Growth patterns differed
among ri. ial/ethnic groups. (See figure 2-8.) Among
blacks, for instance, enrollnwnts declined until the mid-
eighties and then turned upward; enrollment of Hispanics
rose steadily throughout the decade.

Underrepresented minorities were less likely to be
enrolled in engineering than the sciences compared to
other racial/ethnic groups. In 1990, 14 percent of blacks
and 19 percent of Hispanics were in engineering pro-
grams, compared to 22 percent of white and 38 percent
of Asian graduate students. Within science fields, blacks
and Hispanics were more highly concentrated in the
social sciences. (See appendix table 2-11.)

Masters Degree Production in S&E"
More than 66,0(X) persons earned masten1 degrees in

S&E fields in 1989, representing about 21 percent of all
masters degrees awarded in the United States. This pro-
portion increased from 18 percent 10 years earlier. In the
eighties, S&E masters degree recipients came to account
for a larger fraction of the general population. In 1989, the
number of S&E masters degree recipients per thousand
24-year-olds was 16, up from 13 in 1980.

Annual growth in S&E masters degree awards during
the eighties IA al. about 2 percent. By field, the rate in
engineering (about 4 percent) was more than three
times that registered in the sciences (1 perc('nt). Among
science fields, degree t onferrals in the computer

"Data for S&F. masters degrees are from the National Center for
Education Statistics's Annual Survey of Famed Deglves: the data nave
been adapted to National Science Foundation field clas.,ifications. SVC
SRS (1)91),
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Figure 2-8.
Racial/ethnic minority enrollment in science
and engineering graduate programs
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Women were much more likely than men to earn tlwir
degrees in science rather than engineering. They were
also mow concentrated in psychology and tlw life sci-
ences. For example, in 1 189, about 28 iwrcent of
womencompared to 6 percent of menwere granwd
masters degrees in psychology. In the life sciences, tlw
percentages were 17 and 11, respectively.

Degrees by Racial/Ethnic Group.h Almost 3,500
S&L masters degrees-7 percent of totalwere earned
by blacks, Native Anwricans, and Hispanics in 1989.
Differences in growth patterns by the individual minority
groups existed. For example, between 1979 and 1989,
tlw number of blacks earning masteN degrees in S&E
fell from 2,000 to fewer than 1,700; concurrently, there
was a steady increase anmng Hkpanics, whose numbers
grew from 10)0 to about 1,600.

By S&L. field, about 46 percent of blacks earned their
degrees in either psychology or the social sciences; anoth-
er 24 percent earned their masters degrees in engineering.

Data on masters tlegn4,s hy racial/ethnic group are for U.S. cid-
/.ens and permanent residents only.

Figure 2-9.
Science and engineering masters and doctorate
degrees, by field
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sciences experienced the highest growth (10 percent per 140/0 Mathematics 5%

y('ar) Over tlw decade, although this growth slowed Physical

toward the end of tlw decack. For example, from 1988 to sciences - 6%

1989, degrees in this field were up less than 3 percent. In
. .

comparison, growth in science fields that had been slow
throughout most of the decade began to turn upward
more rapidly by the end of tlw eighties. Fo, example
lwtween 1980 and 1989, degrees in the physical sciences
and psychology each rose at an annual ratc of about 1 66,000 masters degrees in 1989
perm, Aver the 1988-89 period, growth in these fields
incre& .14 percent and 9 percent, respectively. Environmental sciences 3% Computer sciences - 3%

Engineering degrees account for a greater percent- Mathematics - 4%

age of the degrees at the masters level than at the doc-
torate level. (See figure 2-9.) In 1989, masters degrees
in engineering represented about 36 percent of all S&E
masters degrees; the computer sciences represented
the largest portion of masters degree awards (14 per-
cent) among the science fiekls.

Degrees by Gender. As with baccalaureate produc- '41

tion and ME graduate enrollment, tlw number of
women earning masters degrees rose faster than men.

22,700 doctorate degrees in 1990Degrees for wonwn increased at an annual rate of 3.7
percent per year compared to i 1.2-percent rate for men. See appendix tables 2-14 and 2-16.
In 1989, about 31 percent of S&E nnisters degrees were Science & Engineering Indicators 1991

granted to women, up from 26 percent in 1980.

7 I
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These distributions changed substantially during 1979-89.
For instance, in 1979, about 62 percent of blacks earned
degrees in psychology and the social sciences, and 12 per-
cent were granted engineering degrees.

Doctorate Degree Production in S&E"
The rate of growth in the number of S&E doctorates

awarded exceeded that of total doctorate production
between 1980 and 1990. The respective annual growth
rates were 2.4 percent and 1.4 percent. In 1990, almost
22,700 S&E doctorates were awarded, representing over
three-fifths of total doctorate production by U.S. universi-
ties and colleges.

As at the baccalaureate and masters degree levels,
degrees in engineering rose faster over the decade than
those in the sciences (8 percent versus 5 percent). ch

of the growth in engineering was attributable to signifi-
cant numbers of foreign citizens earning these degrees.
(See "Foreign Students at U.S. Colleges and Uni-
versities," pp. 58-59). Doctorate awards in engineering
were up about 6.4 percent per year over the 10-year peri-
od; in science fields, the rate was 2.4 percent. Growth in
degree production accelerated in the latter half of the
decade for both engineering and science.

Within science fields, degrees in the computer sci-
enees showed the highest growth with an annual rate of
11 percent. The next highest growth rate was held by
the physical sciences which registered a 3-percent annu-
al increase. Degrees . psychology and the social sci-
ences each rose fewr?r than 0.5 percent per year during
the 10-year period.

Degrees by Gender. In 1990, about 28 percent of
S&E doctorates were granted to women, up from 22 per-
cent a decade earlier. The fastest growing fields for
women were the computer sciences and engineering.
Despite rapid growth in these fields, however, almost
three-quarters of female degree recipients earned
degrees in psychology and the life and social sciences in
1990.

Of the more than 13,000 Ph.D. degrees earned by
women in 1990, almost half were in S&E; of these S&E
(loctorates, almost three-fifths were in either the life
sciences or psychology. Engineering degrees accounted
for 7 percent of the S&E degrees awarded to women.
Men, in contrast, were much more likely to earn their
S&E doctorates in engineering (27 percent).

Degrees by Racial/Ethnic Group.". The number of
S&E doctorates awarded to underrepresented minorities
in 1)90 was 831, or 6 percent of all S&E doctorates. Ten
years earlier, this number was 559, or 4 percent of total.
Virtually all of this growth resulted from an increase in

'information on S&F. doctorates granted in the United States are
from the National Science Voundation's Survey of P.atiled Doctorate.
See SRS (forthcoming la!).

' Data reflect citizens and permanent residents only .
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the number of Hispanics earning S&E doctorates: 213 in
1980 to 451 in 1990. Among blacks, S&E Ph.D. awards
rose from 319 to 340 over Cie decade.

Blacks and Hispanics are much more heavily concen-
trated in the sciences than in engineering. In 1990, near-
ly 9 of every 10 S&E doctorates earned by members of
these groups were in the sciences. The largest fractions
of these science degrees were in psychology and the
social sciences.

Time to Degrees The number of S&E graduate stu-
dents depends partly on the time it takes doctoral stu-
dents to complete their Ph.D. degrees. Time to degree
also influences students' decisions to enter and complete
doctoral training. For people who received both bac-
calaureate and doctoral degrees from U.S. institutions,
the average elapsed time between the dates of their
bachelors and doctorate degrees increased unevenly in
10 of 11 S&E fields during the 1981-89 period. (See fig-
ure 2-10.) The time gap between degrees continued to
grow in 7 of these 11 fields over the last 3 years of that
period. From 1974 to 1981, only the social and behavioral
science fields showed increases in elapsed time, but dur-
ing 1968-74 all fields experienced a sharp upward rise
averaging 0., years. For all S&E fields combined, aver-
age time to degree rose by 1.6 years during 1974-89; con-
currently, time enrolled in graduate school rose by 1.1
years.

A 1989 National Science Foundation (NSF) study found
that this rise in lag time for S&E doctorate awards was not
the result of factors usually associated with such a rise
i.e., reduced financial aid (particularly fellowships), mari-
tal status, quality of the doctorate-granting institution, and
gender.' Nor did changes in the aggregate tendency to
switch fields after the bachelors or masters degree, switch
institutions, or acquire a masters degree explain these
increases. Although many of these factors were found to
be important influences on an individual's time to degree,
their aggregate influence was minor.

Instead, the study found that changes in the real value
of starting salaries for doctorate-holders and the percent-
age of new doctorate recipients taking postdoctoral posi-
tions were highly correlated with the increased average
time to degree. The iwrcentage taking postdoctoral
appointments rose from 21 to 48 during the 1968-84 per-
iod. This finding does not mean, however, that postdoc-
toral appointments were the direct source of increased
time to degree, but rather that the rising fraction taking
these appointments represents a reduced incentive for
all doctoral students to complete their degree work
aggressively.

to degree" is the term used ill NR( (19M)). The annually
representative time to degree has been calculated both iN a 111C(ilall
mid as an average. See, tor example, lio %yen and Sosa I I 959) and
Nerad and Cerny ( 1991).

.TIle study covered 18.1,00(1 flew S&F. Phi ). recipient,: (the majority
of the ne%v doctorates a %yarded from 1 9;i8 to 1987 in seven S&l:. fi('lds).
See PRA (1990), pp. 221-32.

"II
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Figure 2-10.
Trends in elapsed time from bachelors to Ph.D.
degrees, for selected fields
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Another factor was also recently identified as a definite
source of the increase in time to degree.'" Studies have
found that if the number of graduate students entering
doctoral programs dedines for a period of timewhich
has been the case in several S&E fields--the eveytual
consequence of this (lecline is to in,:rease the percentage
of "slow finighers" among future Ph.. ). graduating classes.
The proportion of Ph.D. recipients in the gocial and behav-
ioral sciences who required 10 or nvwe years of elapsed
time to finish their doctorates rose front 35 percent in
1974 to GO percent in 1989; this propodion remained at 25
percent in engineering, chemistry, and physics.

Several fields experiencing increases in thne to degree
durift, 1974-81 also experienced large declines in the
(approximate) percentages of bachelors recipients who
were completing doctoral work. In these fields, these
declining percentages indicate that new students may
have been discouraged about pursuing further study,
especially those who had tlw bulk of their time invest-
ment ahead of them. Since the early eighties, however,
there has been no further tendency for doctorate awards
to decline as a i)ercentage of bacht ioN degree produc-
tion in eight of the nine fields shown. (See figuro 2-11.)

'This discovery was made both within NSF and by Unwell and Susa
09891.

Major Sources of Financial Support
Indicators of the health of undergraduate and gradu-

ate education are changes in patterns of support from
Federal and other sources, the choices available among
mechanisms of support, andat the graduate levelin
the number of Federal agencies that provide graduate
S&E student support. These indicators ar,. described in
the following paragraphs.

Financial Support Reported by College
Freshmen''

During the eighties, American freshmen relied
increasingly on their parents or other relatives for financ-
ing their education. In 1990, more than three-fifths of
freshmen who planned to major in an S&E field reported
receiving $1,500 or more from these sources, up from
fewer than two-fifths in 1980.2" This trend was also evi-
dent among freshmen planning to major in non-S&E
fields: The number of students reporting reliance on this
source of support rose from 39 to (31 percent.

ll)ata in this section are from the Higher Education Research
Institute, University of California at I.os Angeles, the American
Freshmen Norm Survey, unpublished tabulations.

"Note that the S1,500 lower limit used in the American Freshmen
Nurin Survey has not been adjusted for inflation. In constant 1990 dol-
lars, this 81,500 in 1990 represented about 5.140 in 1970.

Figure 2-11.
Ratio of Ph.D. awards to bachelors degrees lagged
by average time to degree
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Two other sources that grew in hilportance over the
decade were students personal savings (7 percent to
more than 17 p(rcent) and college grants and scholar-
ships (7 percent to almost 19 perc(nt). Throughout the
decade, the fraction that reported Federal loans as a
smirce of financing remained abtait the sante. Around 18
percent of American freshmen reported receiving at least
81,500 from either Federal guaranteed student loans or
national direct student loans in both 1980 and 1990.

Support of S&E Graduate Students"
Graduate students arc less likely than undergraduate

students to finance the largest fractions of their educa-
tion front personal or family resources. Federal and insti-
tutional sources play a much more prominent role in
financing their studies.

Sources of Support. Three broad categtwies of sup-
port represent the majority of the reported funding
sources for graduate S&E students:

Federal sources,

Non-Federal sources such as acadentic institutions
and private industry, and

Self-support.

Of these, non-Federal sources of support increased most
rapidly, registering an annual rate of about 3 percent,
during the 1980s. (See figure 2-12.) For comparison,
total full-time S&F, graduate enrollment increased about
2 percent per year between 1980 and 1990. (See
appendix tabl(' 2-20.) Increased support front non-
Federal sources played the most crucial role in engineer-
ing and the computer sciences.

Federal support of graduate S&E students declined
somewhat during the early eighties but turned stningly
upward by inid-decade for stane fields. This late eighties
increase in Federal support was most evident in engi-
neering. the life sciences, mathematics, and the comput-
er sciences. Between 1986 and 1990, annual rates in

these fields ranged fri au 1 percent (engineering and life
sciences) to almost 8 percent (mathematics).

Not a l l fields, however, werc affected by the resur-
gence in Federal support. In the social and envirom»en-
tal sciences, for example, the number of federally sup-
ported graduate students continued to decline as sharply
as it had in the early eighties. loreover, increases in
support from non-Federal sources for these fields did not
keep pace with declines in Federal sources of funding.

ir;.(rent growth patterns in support sources resulted
in a shift in the mix of these sources between 1980 and

\lam' .tutlf.iit,, kind radttittc cducation
0l financial sotto. (II \vItich arc not ri.nin.tcd.

Cort,cqucittly. although !Ile (Lila in so.ction ri nI ;1 11111it:rily

stiNorl .1)lirccs. thcy di) nut rcurck:clit ..40turee,:.

I )all in this on k:otit.uck: and lllle1raruiIrr l tinfiort amour
s'auirnts are tor those ilirolIctI lull time. '.+RS (orth-

Coining IN).
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Figure 2-12,
Trends in sources of financial support for
science and engineering graduate students
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1990. The proportion of students who reported support
from non-Federal sources rose from 48 to 53 percent.
Overall, the fraction of students who received Federal
support fell slightly, dropping from 21 to 20 percent.
Percentages varied, however, by science field. The pro-
portional change in self-support over the decade was
from 31 to 27 percent.

Mechanisms of Graduate Student Support. Mech-
anisms of financial assistance fall into four major cate-
gories:

Fellowshipsusually received directly by students
from sources other than the academic institution,

Trainceshipscompelitive awards usually given by
the institution,

Teaching assistantshiPs, and

Research assistantships.

Ihiring the 1980-90 period, the highest gn)wth rat c
among support mechanisms was for research assis-
tantships, which increased at an annual rate of more than
4 Percent. As a result of this growth rate, the share of
graduate students supported by this mechanism
hicreased from 23 to 29 percent. Fellowships and teaclfing
assistantships each ntse about 2 percent a year. Finally,

I , )
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the number of traineeships declined until about 1980; by
1990. however. the number of students supported by tliis
mechanism had almost recovered its 1980 level.

Types of support mechanism differ among major S&I.:
fields. In 1990, research assistantships supported the
largest portion (roughly two-fifths) of students in the
physical, (livironmental, and life sciences and in engineer-
ing. Teaching assistantships made up the bulk (about
perc('nt) of support received by mathematics students. In
contrast, other sources of support (a category including.
for example. Federal stu(1 ent loans) accounted for tlw
largest shares of support for students in psychology (59
perc('nt) and the s(wial sciences (48 )erc( nt).

Support Mechanism by Source. Types of support
mechanisms also vary between Federal and non-Federal
sources. (See figure 2-13.) For example. Federal agen-
cies provide a majority of their support in the form of
research assistantships. In 1989, nwre than four of five
students funded by NF were supported by research
assistantships.-"' Comparatively, 28 percent of those
receiving non-Federal support were on research assis-
tantships: 15 percent held teach:ng assistantships.

Shifts occurred over the 1980-89 period in the types of
support mechanisms used by the Federal and non-
Federal sectors. In general, research assistantships
increased in significance for both sectors. Concurrently,
federally sponsored traineeships and nonfederally fund-
ed fellowships and teaching assistantships dropped off.
(See appendix table 2-22.)

Support of Recent Ph.D. Recipients.- Graduates of
doctorai S&E programs were supported by a number of
different sources, primarily by universities. For example,
of the 22,700 persons who earned Ph.D. degrees in S&E
fields in 1990, over 18,100 reported at least some finan-
cial support from their institutions. Research and teach-
ing assistantships were chief among the mechanisms of
university suppoN,

Academic institutions were cited as the major support
source by Ph.l ). recipients in all S&E fields. By field, this
source played a somewhat larger role in financing
degree programs in natural science fields; new doctorate
recipients in psychology were less likely to rely on insti-
tutional support.

Among other support sources. roughly 9.000 of the
22.700 new S&P doctorate recipients indicated tht their
own earnings simplwrted a portion of their edu('ation.
Ph .1). degree recipients in psychology were most likely
to rely on self-support.

International S&E Education
Viewing higher education in science and engineering

internationally may be done from a number of perspec-

Iiil()rnialiiin fur 199i) (n, ,,iippiirt l)y uilrci wa-: nut
tiililili' ;1,:1)1

Ironi NSF', SIII-Vcy ii Farncti I luct()Riti.,
11111111bli,1led

Figure 2-13.

Types of financial support mechanisms
provided to 1989 science and engineering
graduate students, by source

Percent
100

90

80

70

60

50

40

30

20

10

0
Total National National Department Non-

Federal Science institutes of Defense Federal
Foundation of Health

1---1 Mechanism
I I unknown

Teaching
assistantships

Traineeships

El Fellowships

Research
ON assistantships

See appendix table 2-22. Science & Engineering Indicators 1991

lives. This section presents two aspects of this topic.
First, the number of foreign students studying in
universities and colleges is examined. Second, compar-
isons in baccalaureate production in natural science and
engineering degrees are made across several different
countries.

Foreign Students at U.S. Colleges and
Universities

Graduate S&E Enrollment. Participation of foreign
citizens in S&E graduate programs at I academic insti-
tutions rose dramatically during the eighties from about
20 percent of the total in 1983 (the earliest year for which
comparable data are available) to 20 percent in 1990.
There were alnmst 102.500 foreign students enrolled in
S& graduate study in 1990, up from 70,NR) 7 years earli-
er. In comparison. the number of U.S. citizens enrolled
rose from about 279,000 to alnmst 299.100.

By field, foreign enrollment grew fastest in the com-
puter, physical, and life sciences. Annual growth in these
fields was between 7 percent (physical sciences) and 10
percent (computer sciences) during the 7-year period, At
about 3 percent per year, the slowest growth rate was in
the social sciences. Enrollment of I...S. citizens increased
fastest in the cotnputer sciences (1 percent), These dif-
fering growth patterns resulted in a higher representa-
tion of foreign students in almost all SM... graduate pro-
grams. (See figure 2-11 and figure 0-17 in Overview.)
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Foreign citizens tend to be concentrated in different
fields of study than are U.S. citizens. For example,
almost 37 percent were enrolled in engineering c(nn-
pared to 24 percent of U.S. citizens in 19)0. Similarly, for-
eign students were wore often in physical and computer
science studies; citizens tended Imre toward the life
and behavioral sciences. Thus, about 16 percent of I
graduate students we, in psychology programs; less
than 2 percent of foreign enrollment was in this field.

S&E Doctorate Recipients. Data on new S&..E doc-
torate recipients reveal a more detailed picture of partici-
pation by foreign citizens in I r.s. graduate education.
Much of the increase in S&E doctorate production (lur-
ing the eighties was attributable to increases in the num-
ber of temporary residents earning these degrees.
Between 1980 and 1990, the number of S&L doctorat(s
granted rose from 17,500 to 22,700. Degrees to tempo-
rary residents accounted for almost 70 percent of this
increase. By 1990, about 28 percent of Ph.i ). program
graduates were on temporary visas; another 5 percent
held perniamnt visas.

Tile representation of foreign citizens among S&E
doctorate recipients varies considerably by field of
degree. (See figure 2-14.) About one of every two Ph.D.
recipients in mathematics and engineering studied in the
United States On a temporary visa. In contrast, only
about 1 in 20 Ph.D. recipients in psychology was a tem-
poraly resident.

Figure 2-14.
Foreign citizen representation in 1990 U.S.
science and engineering graduate education
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Comparisons of and non-U.S. citizen growth rates
and distributions of doctoral degrees by S&E field reveal
a pattern similar to that of S&E graduate Inrollment.
During the eighties, annual growth rates in the numbers
of temporaly residents exceeded those of U.S. citizens in
all fields. For I 1.5. citizens, the numbers earning degrees
in mathematics, the life sciences, psychology, and the
social sciences showed declines. By S&E field, tempo-
rary residents were much more likely to receive degrees
in engineering than were I I.S. citizens. In 1990, about 35
percent of temporary residents and 14 percent of U.S. cit-
izens earned their degrees in this field.

Most of the foreign citizens earning S&E doctorates
are Asian. About 64 percent of temporary residents in
1990 were Asian; 23 percent were white. These propor-
tions have changed significantly over the last decade. In
1980, about 45 percent of temporary residents were
Asian and 34 percent were white.

International Comparisons in Higher
Education

Educational trends over the last 15 years in four world
regions reflect a shift in global human resources for sci-
ence from developed to developing countries.-' Available
data on bachelors degrees in natural science and engi-
neering fields illustrate this shift." (See figure 2-15.)
Developing countries such as China are producing a
growing share of the world's NS&E degrees."

According to these data, the Asian region (even con-
sidering only six countries) surpassed the I.ISSR region
after 1986 in production of NS&E bachelors degrees. In
engineering, the IISSR is still the highest regional pro-
ducer of bachelors degrees in the world. In the natural
sciences, North America and the USSR have both
declined slightly in the last few years, while Asia and
Europe have increased in annual degrees.

-------------------
Data in this section on degrees by onintry are for NS&E fields

only. Natural science fields include mathematics and die physicalAio-
logi( 11, environmental. agricultural. and ("impute!. sciences,

Con:ttrie,. in \:ortli .Atilerica for which data were available for com-
parisons inclufie Illy [idled Slates and Canada: NVestern European
countries include France. Italy, Sweden. the l'nited Iingdom, and
%Vest Germany ( %Vest (;erman degive data dune)! include data for East
(iermany). Selected .Asiiin countries include China. India. Japan,
Singapore, South Korea, and Taiwan. Ihii tS5I contains all l

republics. Therefore, the comparisons tir(' among limited data sets ut
three world regions and (itie complete region (the l'SSI<).

The data hase used here %vas developed front F.i.year time :cries
on university enrolltnents and graduates in NS&I... fields, obtained from
['NI...St:0's Division of Stalistics. [NI...SC.() data %vcre updated and
adjusted, and inissimr, 'ears added, with national educational stalkties
from each country over the same time period (1)75-89). (See "lefer-
cilccs." pp. (i2-1):), for country data sourc('s.) National statistics were
then reclassified ilsing NSI: field taXonomies. in this chapter, first uni-
versity degrees of other countries are referred to as bachelors degrees,

'Some of the increase in Asian bachelors degrees in the early eight-
ies reflects the (Minus(' universities reopened in the late seventies and
the surge of young people 1.k.l10 entcred universities or returned to
compleu. science prognitlis thal 1111(1 !)(ell interrupted during thu.
Cultural levolution,
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Figure 2-15.
Bachelors degrees in natural science and
engineering, by selected world region
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Grouping countries by stage of (leveh)pment rather
than by geographic region highlights differences in bach-
(ION degree growth rates. (Sec text table 2-2.) During
1975-88, five Asian devehwing countries more than dmi-
bled their annual number of NS&E bachelors degrees
awarded. "The developed countries increased their annual
bachelors degrees by 16 percent. In 19°8, the developed
countries led in the share of bachelors degrees. However,
given demographic patterns in Asian countries, they have
the capacity to reverse this crder and rapidly surpass
developed countries in human resources for science.

Bachelors Degrees in the Natural Sciences. 'Mc
USSR and the I )tited States show declines in natural sci-
ence graduates over the 15-year time period. (See figure
2-16.) Umada is steadily increasing in natural science grad-
uates. Within Europe, only the United Kingdom has
declined in natural science degrees since 1982. All other
European countries have grown in natural science degrees.

The high number of bachelors degre(.s in the natural
sciences in Asia is largely accounted for by India. India is
the workl's forenmst educator of natural scientists: since
the early seventies, it has annually produced nmre bach-
dors degrees in these fields than has the United States.
India's preference for basic sciences is shown in the
high ratio (0.26) cf. natural science degrees to total de-
grees. (See appendix table 2-28.) China will also be a
main producer of natural science degrees for the Asia
region. With about 40,000 degrees annually. China pro-
duces slightly fewer than one-third of the Uk grecs that
India produces.

Bachelors Degrees in Engineering. In the ISSR,
most higher education degrees are given in technical
fields: about 36 percent of all degrees granted Li this
country were in engineering in 1988. In 1986, engineer-
ing degrees began to decline annually in the I ISSR, but
there are still over 280.000 such degrees granted per
year. (See figure 2-17.) These engineering graduates
receive technical training in highly focused engineering
subspecialties, such as industrial lathes. This training is
very different from the general and theoretical engineer-
ing education of other countries, where engineering
princinles can be applied to new products and processes.

Text table 2-2.
Annual growth rates in natural science and engineer-
ing NS&E degrees in developed and developing
countries: 1975-88

NS&E
Natural
science Engineering

Percent
Total 3.0 2.4 2.9

Developed countries 1.1 1.1 1.2

Canada 4.2 4.1 4.3

France 4.0 4.9 3.5

Italy 1.8 1.2 1.3

Japan 0.9 1.4 0.8
Sweden 2.7 3.2 2.5

United Kingdom . -0.5 -0.3 -8.0
United States 2.5 1 0 5.0

West Germany 5.3 '., 6 5.9

USSR 0.8 0.6 0.3

Developing Asian
countries 5.2 4.1 6.6

China 6.9 5.0 7.8

India 3.3 3.0 5.3

Singapore 11.0 8.1 14.4

South Korea 11.3 11.2 11.1

Taiwan 3.6 3.8 3.7

NOTE: Growth rates were computed with time trends on latest avail-
able 10 Io 15 years of data: for developing Asian countries total and for
China, growth rates were computed with time trends on last 5 years.

See appendix table 2-25 Science & Engineering Thdicators - 1991
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F:gure 2-16.
Trends in natural science bachelors degrees,
by selected country
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See appendix table 2-25. Science & Engineering Indicators 1991

Both Canada and the United States peaked in engi-
neering degree production in 1985, and tlwir numbers
have since been decreasing. In European countries, only
the tJnited Kingdom has declined in engineering gradu-
ate Eumpe overall, like Asia, has increased its number
of graduates, but from a smaller base than Asia.

ChMa and Japan are the main producers of engineer-
ing degrees for tlw Asian region. China has tlw highest
numlwr, with 93,0(H) graduates in 1987. Japan has tlw
second higlwst production of engineers, with 77,000
graduates that sanw year. However, Japan has been pro-
dudng approximately this number of engineering gradu-
ates for over 10 years, whereas tlw number of degrees in
China k beginning to increase. In South Korea, tlw
increasing number of engineering degrees has recently
leveled off: for the past 3 years its degrees have
remained stabk.

Demographics. The share shift in global human
resources for science in these four world regions is
reflected in the demographic trends of tlwir 20- to 24-
year-olds. (See appendix table 2-27.) Almost every coun-

- r
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try that increased its production of bacheloN degrees in
natural science and engineering did so with a growing
colkge-age population, Only West Germany managed to
increase NS&E degree production (5-percent growth
rate over 15 y('ars) with a declining college-age polmla-
lion since 1W3.2' The United States, tlw USSR, and the
United Kingdom had a smaller pool of 20- to 24-year-olds
and a falloff in techniral degree production. The decline
in college-age population in the USSR ended in 1990.

Participation Rates in S&E Education. Among all
countries, the t JSSR had tiw highest iwrcentage of 22-
year-olds who received bachelors degrees in natural sci-
ence or engineering. (See figure 2-18.) Ewn with a slight
decline Over the last kw yeaN, over 8 percent of this age
group in the USSR received technical degrees. Among
Western countries, the United States had the next high-
est percentage of technical degree recipients among its

-"West German demographic data combine the 20- lo 21-year-old age
gnaws of uniled Germany. Wes! German degree dala. however.
are for !he ftwnwr West Germany only.

Figure 2-17.
Trends in engineering bachelors degrees, by
selected country
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See appendix table 2-25. Science & Engineering Indicators 1991
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young people, approximalely 5 percent. The Inited
Kingdom dropped its participation rate in technical
degrees dtwing the eighties from 4 to 3 percent. France,
Italy, and West Germany increased the percentage of
their young people receiving technical degrees from
between 1 and 2 percent to between 2 and 3 percent.

Japan's high percentage of young people obtaining
NS&E degrees (6 percent) fell slightly in the last few
years, as both preferenees for natural science and engi-
neering and the college-age population declined. Most
Asian developing countries increased the iwrcentage of
22-year-olds receiving NS&E baccalaureates over the 15-
year time perioU. South Korea dramatically increascd its
NS&E degrees from 2 to 6 percent of its young people.
Taiwan increased its NS&E degree awards from 2- to 3-
percent for its college-age population over the last
decade.

China and India, with their huge populations, are
maintaining their participation rates of 0.5 percent and
1.09 percent, respectively. If China and India continue to
maintain these rates, global human resources for science
would be greatly augmented.

Figure 2-18.
Natural science and engineering bacbelors degrees as
a percentage of 22-year-olds, by selected country
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See appendix table 2-26.

References

Bowen, W.G., and J.A. Sosa. 1989. Prospects for Faculty
in the Arts and Sciences. Princeton, NJ: Princeton
Ijniversity Press.

Carnegie Foundation for the Advancement of Teaching.
1987. A Classification of Institutions of Higher Edu-
cation. 1987 edition. Princeton, NJ: Princeton Univers-
ity Press.

Centre Europeen Pour LEnseignement Superieur,
UNESCO. 1983. Higher Education and Economic De-
velopment in Europe. Bucharest: UNESCO.

Engineering Manpower Commission, American
Association of Engineering Societies. 1991. "Engi-
neering and Engineering Technology Enrollments."
Engineering Education Vol. 80, No. (September-
October): 599.

Govermnent of Canada, Statistics Canada. Annual series.
S&TIndicators. Ottawa.

Governinent of Fraiwe, Ministere de L'Education
Nationale. Annual series. Reperes et Refireners
Statistiques sur les Enseignements et la Formation.
Vanves.

Government of Germany, Statistisches Bundesamt
Wiesbaden. Annual series. Prufungen an Hochschulen.
Reihe 4.2, Fachserie 11 Wiesbaden.

. 1990. Summary Document Prufungen an Hoch-
schulen, 1975-1988. Wiesbaden.

Government of India, Department of Science and
Technology. 1990. Research and Development
Statistics, 1988-89. New Delhi,

1991. Pocket Data 1100k, 1991. New Delhi..

01;

Science & Engineering Indicators 1991

Government of Italy. Istituto Centrale di Statistica. 1988.
Statistiche dell'istruzione: Dati Sommari Dell'anno
Scolastico 1986-87. Rome.

Government of Japan, Ministry of Education, Science
and Culture. Annual series. Monbusho Survey of
Education. Tokyo.

Government of the People's Republic of China, State
Education Commission. 1990. Education in China,
1978-1988. Beijing.

Government of the Republic of China, Ministry of
Education. Annual series. Educational Statistics of the
Republic ofChina. Taipei.

Government of the Republic of Korea, Ministry of
Education. Annual series. Yearbook of Educational
Statistics. Seoul.

Government of Sweden. Stat sties Sweden. 1989. Higher
Education in 1SCED Terms 1981-1988. Orebro,
Sweden.

Government of United Kingdom, University Grants
Committee. 1988. University Statistics 1987-1988.
UniverMies' Statistical Record. Cheltenham.

National Center for Education Statistics. 1989. Digest of
Education Statistics 1989. Washington, DC: Depart-
ment of Education.

National Research Council (NRC). 1989. On Time to the
Doctorate, Washington, DC: National Academy Press.

Nerad, M., and J. Cerny. 1991. "From Facts to Action:
Expanding the Educatiomll Role of the Graduate
Division." Council of Gradmte Schools Communicator,
special edition (May).



Science & Engineering Indicators - 1991

Policy Research and Analysis Division (PRA), National
Science Foundation. 1990. The State of Academic
Science and Engineering. NSF 90-35. Washington, DC:
NSF.

Science Resources Studies Division (SRS) , National
Science Foundation. Women and Minorities in Science
and Engineering. 1990. NSF 90-301. Washington, DC:
NSF

-. 1991. Science and Engineering Degrees: 1966-89,
A Source Book. NSF 91-314. Washington, DC: NSF.

63

. Science and Engineering Doctorates: 1960-90.
Forthcoming (a). Washington, DC: NSF.

---. Selected Data on Graduate Students and
Postdoctorates in Science and Engineering, Fall 1990.
Forthcoming (b). Washington, DC: NSF.

. Undergraduate Origins of Recent Science and
Engineering Doctorate Recipients. Forthcoming (c).
Washington, DC: NSF.



Chapter 3
Science and Engineering Workforce

CONTENTS

Highlights 66

Introduction 67

Chapter roclN 67

Chapter Organiation 67

Industrial S&E Job Patterns 67

Manufacturing Industries 68

Nonmanufacturing Industries 68

Occupations 70

S&E Jobs in R&D 70

Demographic Trends: Recent S&E Graduates 72

Market Conditions 72

Median Annual Salaries 72

lInemployment Rates 74

S&E Employment Rates 74

In-Fidd Employment Rates 74

Primary Work Activities
Sectors of Emploment 75

Demographic Trends: Doctorate Recipients 75

IVIarket Conditions 76

Employment Rates 76

Primary Work Activities 76

Sectors of Employnwnt 77

Employment of Women and 1VIinorities 78

Supply and Demand Outlook for S&E Personnel 79

Operations of the S&E Labor IVIarket
S&E li.:mployment: Demand Side
Projected Demand for S&E Personnel
Supply Side Responses 81

S&E Employment: Supply Side 81

1.1nansvvered Questions 82

International Employment of Scientists and Engineers 81

International S&E Job Patterns
Immigration
R&D Activity 84

Employee Characteristics 84

References 85



66 Chapter 3. Science and Engineering Workforce

Science and Engineering Workforce

HIGHLIGHTS

Industrial Job Patterns
Employment growth of scientists and engineers in
nonmanufacturing industries, primarily the ser-
vices-producing industries, outpaced that in manu-
facturing during much of the 1980s. Between 1980
and 1989, the number of science and engineering
(S&E) psitions in nonmanufacturing industries rose
at an average rate of 4.5 percent annually, reaching
920,000 in 1989. Manufacturing industries also
increased their utilization of S&E personnel. Between
1980 and 1989, the number of S&E positions in manu-
facturing industries increased at an average annual
rate of 3.2 percent. See pp. 68, 69.

The 1980-89 S&E job growth in manufacturing
and nonmanufacturing has stemmed from differ-
ent factors. In nonmanufacturing, S&E occupations
increased their share of total jobs (from 1.4 percent in
1980 to 1.5 percent in 1989) and also benefitted from
substantial economic growth as reflected in a 31-per-
cent increase !n total jobs. As a result, S&E job oppor-
tunities in nonmanufacturing increased by alnmst 50
percent during the eighties. In manufacturing, growth
in S&E positions stenuned from an increased share of
declining total manufacturing jobs. See pp. 68, 69.

Computer specialists, the fastest growing major
S&E occupational group over the decade, reached
318,0(X) in 1989-more than all other scientist oc-
cupations combined. Computer specialists almost
doubkd their numbers in both manufacturing and
nonmanWacturing industries (to 103,000 and 216,000,
respectrvely). Most of this growth was due to the rapid
expansion of the business services industries, prhuar-
ily computer and data processing services. See p. 70.

Over 60 percent of the 1.35 million private
industry engineers were employed in the manu-
fmluring sector in 1989. However, the nonmanu-
facturing sector had a higher average annual growth
rate in engineering iobs over the 1980-89 decade than
did numufaeturing-4,5 versus 3.2 percent. Electrical/
ekctrcnic engineering v,as the largest specialty in
both manufacturing (where it accounted for 32 per-
cent of the sector's total engineering jobs) and non-
manufacturing (33 percent). See p. 70.

Demographic Trends in S&E Employment

In 1990, the median annual salaries of recent fe-
male baccalaureate recipients employed as scien-
tists and engineers were approximately 73 percent

of the salaries of their male counterparts. This dif-
ference in salaries is largely due to the concentration of
women in relatively low-paying scientific 11(Ids. In fact,
for many of the engineering fields, women report higher
salaries than men. See p. 74.

In 1989, the population of doctoral scientists and
engineers was about 485,000, an increase of 4
percent per year since 1977. Over this period, the
annual rate of retirement for doctoral scientists and en
gineers increa,,ed from about 0.5 percent between
1977 and 1979 to 0.8 percent between 1987 and 1989.
The efkct of this change was a dramatic increase in
the proportion of the doctoral scientist and engineer
impulation who were retired-from 3.2 percent in 1977
to 5.0 percent in 1989. Most of this increase occurred
after 1985, when retirees accounted for 3.5 percent of
the S&E doctoral population. See pp. 75-76.

Doctoral scientists and engineers had little trouble
finding work during the 1977-89 period; their re-
ported unemployment rate ranged from 1.2 per-
cent in 1977 to less than 1 percent in 1989. By
contrast, the overall unemploynwnt rate in the United
Statt.s was 5.3 percent in 1989, while for professional
workers it was 1.7 percent. The rate for scientists and
engineers at all degree levels combined was 1.5 percent
in 1988. See p. 76.

Labor Market Supply and Demand

The 1990s should be a period of relative stability
in overall S&E labor mark ts. In contrast, during
the early to mid-1980s, many S&E fields experienced
temporary shortages due to the defense buildup of the
period. Various demand scenarios have been pro-
cessed to examine lum alternative national economic
growth patterns might affect S&E employment.
Supply side simulations have been run to test the abili-
ty of supply system to respond to these demand
scenarios. See p. 79.

Immigration

In 1988, 11,000 scientists and engineers immi-
grated to the United States. Almost one-half of
these immigrants came from Asia-three times the
amount that came from Western Europe. The largest
numbers of immigrants came from Imlia, Taiwan,
The Philippines, and the l'nited Kingdom, each of
which accounted for nmre than 750 such immigrants.
See p. 83,
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specific growth and Occupation trends within these two
industrial sectors.3

Manufacturing Industries
About 200,000 scientists and 800,000 engineers-52

percent of the total industrial S&E labor forcewere
employed in manufacturing industries in 1989. During
the eighties, S&E employnwnt grew in most manufactur-
ing industries at an average annual rate of 3.2 percent.
High-tech manufacturing industries, particularly the
aerospace industries, accounted for much of the mainte-
nance and increase in the sector's S&E job growth. (See
chapter 6, "Performance of New High-Tech Companies,"
p. 158.) Factors contributing to the generation of high-
tech employment included

Increases in defense spending,

Greater foreign technological competition,

Pressure to increase productivity,

High-technology capital investnwnt, and

Increased R&D expenditures.

(NSF 1)88a, p. 3.)

Growth ii S&E Versus Non-S&E Employment.
The relatiw growth rates in employnwnt of S&E and
nom S&E personnel in manufacturing industries have
varied substantially during the eighties, particularly (lur-
ing the 1981-82 recession. (See figure 3-2.) While total
manufacturing employment declined at an average rate
of 3.1 percent per year between 1980 and 1983, the num-
lwr of S&E positions in this sector rose by Over 3.0 per-
cent per year. Both S&E and total manufacturing
employment reboundedby 4.4 and 0.9 percent, respec-
tivelybetween 1983 and 1986. The 1986-89 changes
were a 2.3percent average annual increase for S&E posi-
tions and, again, less than a 1-percent increase per year
for all employees. In 1989, S&E positions represented
slightly mor- than 5 percent of all manufacturing jobs.

Employing Industries. In 1989, the manufacturing
industries employing the largest numbers of scientists
and engineers were

Aerospace, with 183,000 S&E jobs;

Instruments and related products, 137,000;

Chemicak and allied products, 113,000; and

Office and computing equipment, 97,000.

(See figure 3-3.)
Tlw sector's largest S&E employer, the aerospace

industry, experienced fairly rigorous growth in its S&E
eniployment throughout the early and mid-1W,s, before
falling ofi in the latter of the decade. Between 1980

',IN: will pa ti(Initl data discussi.d ill !his scction art. to
Standard Industrial Classification industty groupings.

Figure 3-2.
Index of job growth in manufacturing industries
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See appendix table 3-1. Science & Engineering Indicators 1991

and 1983, strong demand for U.S. missiles and military
aircraft and consistent levels of space-related activities
more than offset dwindling employment in the produc-
tion of civil aircraft. These factors alhAved S&E employ-
ment to rise at a rate of 5.3 percent per year. The aero-
space industry experienced even more robust S&E job
growth in the mid-eighties, with the number of S&E
positions increasing by more than 10 percent annually
between 1983 and 1986. This growth was buoyed by con-
tinued expansion of militaiy orders and the production
of large commercial aircraft. More recently, from 1986 to
1989, annual S&E job growth slowed to 2.1 percent,
reflecting declining defense budgets in the United States
and other developing countries and the attendant reduc-
tion in military procurements of aircraft and missile sys-
tents (ITA 1990, P. 254).

Nonmanufacturing Industries
The nonmanufacturing sector provided jobs for an

estimated 920,000 scientists and engineers in 1989, or 48
percent of total industrial S&P. employment. (See
app(ndix table 3-1.) The majority of the sector's S&E
employees were engineers-545,000, versus 3.75,000 sci-
entists. Most of these scientists and engineers were in
the service-producing industries; a small proportion
were in mining and construction. S&E employment in
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nonmanufacturing industries increased substa'qially
during the eighties. This increase can be attributed to
two main factors:

A greater share of the total jobs in the nonmanufac-
luring sector were held by S&E personnel in 1989
versus 1980; and

The nonmanufacturing sector, unlike the manufac-
turing sector, experienced general economic growth
with attendant increases in overall total empl.

Growth in S&E Versus Non-S&E Employment.
Overall, total employment in nonmanufacturing indus-
tries grew at an average annual rate of 3.0 percent
between 1980 and 1989, while the number of S&E jobs
increased on average by 4.5 percent. The proportion of
the nonmanufacturing workforce in S&E positions
increased during this time from 1.4 percent of total
employment to 1.5 percent.

Although ME job opportunities in nonmanufacturing
increased substantially over the decade, growth was not
uniform over time. Despite the recession, moderate
growth characterized the 1980-83 period-4.5 percent
per year on average. Losses of S&E jobs in the mining
and construction industries contributed to a lowering of
the overall annual rate of S&E job growth in the nonman-
ufacturing sector to 3.0 percent between 1983 and 1986.

Figure 3-3.
Industry distribution of science and engineering jobs
in manufacturing sector: 1989
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allied products -
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Aerospace - 18%

Science and engineering jobs
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SOURCES Bureau of Labor Statistics Occupational Employment
Statistics Survey s. and appendix table 3.1
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Figure 3-4.
Science and engineering jobs in selected
nonmanufacturing industries
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See appendix table 3-1. Science & Engineering Indicators 1991

Average annual S&E job growth rebounded to 5,9 per-
cent for the 1986-89 period, primarily because increased
S&E job opportunities in the financial services and busi-
ness and related services industries offset the continuing
losses in mining and construction. (See figure 3-4.)

Employing Industries. The major nonmanufacturing
industries in terms of S&E employment in 1989 were

Engineering and architectural services, with
201,000 S&E jobs;

Business services, 140,000;

Financial services, 134,000; and

Computer and data processing services, 125,000.

Together, these industries provided two-thirds of all S&E
jobs in the nonmanufacturing sector. (See figure 3-5.)
However, two industries are of particular interest, the
firstengineering and architectural servicesbecause
of its position as the largest provider of SU, jobs in the
nonmanufacturing sector and the secondcomputer
and data processing servicesbecause of its phenome-
nal job growth over the decade,

S&E employment in engineering and architectural ser-
vices increased by mon, than 60 percent between 1980
and 1989 to over 200,000 personnel. The number of S&E
positions in this industry rose at an average annual rate
of 5.4 percent over the decade. Most of this growth
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Figure 3-5.
Industry distribution of science and engineering
lobs in nonmanufacturIng sector: 1989
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SOURCES: Bureau of Labor Stahstics, Occupational Employment
Statistics Surveys: and appendix table 3-1,
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occurred in the early eighties as a result of strong
growth in demand for engineering services by the con-
struction industry.'

The extraordinmy S&F, job growth in computer and data
processing serricesan average 13.1 iwrccnt per year
between 1980 and 1989(iccurred in response to the r(1/()-
lution in information technologies and the strong demand
for information services. lite industly also includes com-
puter software design, an industry segment that has expe-
rienced major growth as new methods of delivering inf(w-
mation-related servicese.g., iocal ilrea networks and
electronic data interchange networkshave been d(Nel-
oped. Demand for these and related services has resulted
in an increase in the number of S&I.: positions iP the com-
puter and data processing services indus`ry from ,11,000 in
1980 to 125,000 in 1989.

Occupations
In the eighties, the manufacturing sector remaMed the

primary source of employment for engineers, while sci-
entists continued to find more job opportunities in the
nonmanufacturing sector. Nonmanufacturing industries
increased their share of total science jobs from 63 to 66

_

'For example. die services ol civil engineers wen' required tor die
design and construction id timsportation systems. water ri-,onive and
disposal systems, and environmental contwl and Waste managenwnt
systems.

percent during the eighties, while the proportion of engi-
neering jobs in this sector increased from 39 percent to
slightly over 10 percent. Conversely, manufacturing
industries share of total science jobs fell from 37 to 3.1
percent, while the pmportion of engineering jobs in this
sector increased from 60 to 61 percent. By occupational
specialty, however, manufacturing and nonmanufactur-
ing industries showed similar patterns of S&E employ-
ment in 1989. (See figure 0-9 in Overview.) Employment
trends in the largest of these occupational specialties
the computer specialties and electrical/electronic engi-
neeringare described below.

Computer Specialists. The computer specialties
dominated science employment growth (luring the eight-
ies. Between 1980 and 1989, the number of jobs for com-
puter specialists grew almost 7 percent per year, rking
to an employment level of 318,000. (See figure 0-10 in
Overview.) Representing more than half of science
(Inployment growth in private industry, job opportuni-
ties in this occupation benefitted from the rapid expan-
sion of the computer services indu,t-y and the increas-
ingly greater industrial compun r use. This increased
demand was met by an interdisciplinary supply of work-
ers able to meet job qualifications. Computer specialist
jobs could be tilled by persons trained in mathematics,
engineering, and other S&E fields as well as by those
specifically trained in the computer sciences. Non-
manufacturing industries provided more than two-thirds
of the job opportunities in this occupation in 1989, pri-
marily in the financial servicps and computer and data
processing services industries.

Electrical/Electronic Engineers. Jobs in electri-
cal/electronic engineering incroased at ai i average rate of
inore than 5 1..rcent per yoar b(qweolt 1980 and 1989. A
total 436.000 electrical/electronic engineers in 1989 made
this the largest S&E occupational specialty. Manufac-
turing industries provided approximately three-fifths of
the industiy jobs in this discipline. largely in the electri-
cal and electnmic equipment, transportation equipnwnt,
and instruments and related products industries. Among
nommanufacturing industries, business :-.Tvices and engi-
neering and architectural services were the primary
source of electrical/electronic engineering jobs.

S&E Jobs in R&D
During the 1980s, R&D employment opportunities

increased for industrial scientists and engineers. Two
key factors iwimarily accounted for this increase, which
occurnd in both manufacturing and nonmanufacturing
industries:

Emerging technology industries (see chapter 6,
"Technologies for Future Competitiveness," p. 1(0)
engaged in increasing levels of R&D activity, and

Competitive pressures propelled ITS companies to
improve and up(late product designs more rapidly
than in the past.
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Figure 3-7.

Distribution of science and engineering R&D Jobs
in nonmanufacturing, by occupation: 1987

Mathematical
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N = 34,000

Civil 3%
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astronautical

3%

Mechanical
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Industrial 3%

Engineers
N = 40,000

SOURCE: Bureau of Labor slatistics, Occupational Employment
Statigcs Surveys.
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Approximately two-thirds of the engineering R&D jobs
in the nonmanufacturing sector in 1987 were located in
business services, with miscellaneous services providing
the remaining one-third of the R&D jobs. This distribu-
tioa was untiorm across most engineering occupations,
with the exception of mechanical engineering. Approx-
imately 80 percent of these MD jobs were located in tlw
business services industry.

Demographic Trends: Recent
S&E Graduates

Recent S&E graduates form a key component of the
Nati(m's t.;cience and engineering workforce; they account
for almost half of the annual inflow into the S&E labor
market (SES 1990a, p. 40). The career choices of recent
graduates and their entry int() the labor market affect the
balance between the t mpply of and the demand I( w scien-
tists an(l engineers in dw United States. (See "Supply and
Demand Outlook for SE Personnel," pp. 79-83.) Analysis

of the workforce status and other characteristi-s of recent
S&E grad-aates can yield valuable labor market inform-
tioa.. 'These data have been used by government policy
makers to (letermine the levels of support for education or
other governmental programs, by employers as an input
to staffing decisions, by educators to forecast enrollment
patterns, and by students in making career choices.

This section provides several labor market nwasures
that offer useful insights int() the overall supply and
demand conditions for recent S&E graduates in the
United States. Among these measures are median annual
salaries, unemployment rates, S&E employment rates,
and in-field employment rates.

Market Conditions
Upon graduation, new S&E bachelors and masters

degree recipients must choose whether to enter the job
market or continue their education. In 1990, three-quarters
of these recent S&E degree recipients were employed on a
full-time basis. The majority were employed in S&E occu-
pations: More masters recipients than bachelors recipients
were reported as so employed. A very low number of
recent S&E graduates (3 percent of bachelors an(l 2 per-
cent of masters degree graduates) were unemployed and
actively looking for jobs. (See figure 3-8.) Of those recidi-
ents of S&E degrees who were not in the labor force 1 or 2
years after graduation, most (20 percent of bachelors grad-
uates and 22 percent of masters graduates) were full-time
graduate students.

Median Annual Salaries'
Median annual salaries of recent S&E graduates serve

as an excellent indicator of the relative demand for new
workers in various S&E fields. The median annual salary
reported by recent S&E baccalaureate recipients was
826,000 in 1990; at the S&E masters degree level, the
median salary reported was $37,000. (See text table 3-1.)
Historically, the annual salaries of recent engineering
degree recipients have been higher than those of gradu-
ates with science degrees. Accordingly, in 1990, baccalau-
reate engineering degree recipients reported a nwdian
annual salary of S33,000; their science counterparts
reported a median annual salary of 823,000. Among mas-
ters degree recipients, the median salaries were $41,400
and $33,800 for engineering and science, respectively.

By Field. Among science fii ids, there was consider-
Able variation in median salaries. Recipients of bachelors

masters degrees in the computer sciences had much

Data for this section are from the 1990 Survey of Recent Science,
Social Science. and Engineering Graduates. This survey collected
information on Ow 1990 workforce/other status of 1988 and 1989 bach-
elors and masters degree recipients in S&E fields. Surveys of recent
ti&E graduates have conducted biennially for the National
Science Foundation by the Institute for Survey Research, Temple
1 'nivrrsity. Eor information on standard errors associated with survey
data, see SRS (forthcoming).

'Median annual silkily is that of full-time employed ('ivilians rounded
to the nearest ;.101),

mmt
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Figure 3-8.

Transition of recent science and engineering degree recipients: 1990
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See appendix tables 3-3, 3-4, 3-7, 3-10, and 3-11.

Full-time graduate
students

larger nwdian annual salaries than did other self mce
degree recipients. The next highest nwdian salaries
were reported by recipients of degrees in the physical
sciences. The lowest median annual salary at the bac-
calaureate level vas reported by recioients of psychology
degrees; the lowest such salary at the masters level was
received by recipients of life science degrees.

With the exception of civil engineering, median annual
salaries lmong engineering sublields were fairly uniform
at both the bachelors and masters degree hwek. Median
annual salaries reported by civil engineering degree
recipients were significantly lower than for other engi-
neering sublields at both tlw bachelors and masters
degree levels.

Growth in Salaries. During the eighties. median
annual salaries rose at an average annual rate of 5.4 per-
cent for bzichelors degree recipients and 5.9 percent for
masters degrec recipkmts. Salary growth was not uni-
form throughout the decade. howewr. (See figure 3-9.)
Between 198(i and MO, median salaries for bachelors
degree recipients increased at an average anrmal rate of
less than 1.0 percent, while median annt:di salaries for
masters degree recipients rose at an ai,erage rate of 3.3
percent annually.

Outside
labor force

2°0

Not employed
4^.

Unemployed
seeking employment

2°0

Outside
labor force

2°.

Science & Engineering Indicators-1991

Text table 3-1.
Median annual salaries of recent science and engi-
neering graduates, by degree level and field: 1990

Field Bachelors Masters

Total science and engineering $26,000 $37,000

Total sciences 23,000 33,800
Physical sciences 25,100 34,900
Mathematical sciences/statistics . 23,600 32,800
Computer sciences 30,100 42,100
Environmental sciences 23.700 33,800
Life sciences 21,000 26,900
Psychology 18,600 32,000
Social sciences 21,900 31,000

Total engineering 33,000 41,400
Aeronautical/astronautical 34,800 46,500
Chemical 35,100 40,200

Civil 30,100 35,200
Electrical/eleGtronic 34,000 46,500
Mechanical 34,000 42,100

See appendix tables 3-5 and 3-6.
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Text table 3-2.
In-field employment rates of recent science and
engineering graduates, by degree and field: 1990

Field Bachelors Masters

Total science and engineering 37.8 59.0

Total sciences 33.2 59.6
Physical sciences 35.6 43.4
Mathematical sciences/statistics . 39.6 57.4
Computer sciences 81.5 77.2
Environmental sciences 56.1 69.4
Life sciences 38.4 59.0
Psychology 9.9 48.1

Soaal sciences 14.1 43.5

Total engineering 50.7 57.8
Aeronautical/astronautical 48.9
Chemical 49.6

Civil 71.1 69.1

Electrical/electronic 53.3 57.7
Mechanical 44.3 60.4

= too few cases to report

See appendix table 37. Science & Engineering Indicators - 1991

ntore concentrated in jobs f(tett sing on R&D, R&D man-
agement, and teaching.

The primaly work activities of rtcent S&E graduates
varied substantially by field. At both degree levels in
1990, engineering graduates were more likely to be
employed in R&D and production and inspection; science
degree recipients were more likely to be employed in
general inanagement, teaching, or a combination of activ-
ities related to reporting, statistical work, and computing.

Sectors of Employment
Industry was the primary employer of new S&E gradu-

ates in 1990, providing jobs for 65 percent of recent bach-
elors degree recipients and 60 percent of recent masters
degree recipients. Educational institutions employed 10
percent of bachelors degree-holders and 17 percent of
those with masters degrees. Only 4 !iereent of recent
baccalaureate and 8 percent of masters degree recipients
were employed by the Federal G(wernment in 1990.

The employment distribution of recent S&E graduates
by sector did tutt change markedly over the 1980-90 peri-

od. How( wer, thew were some sectoral shifts by field of
degree-specifically, by engineering degree recipients.
Tlw percentage of recent graduates with bachelors de-
grees in engineering en tployed by the Federal Govern-
miln increased frinn 4 percent in 1980 to 6 percent in
1990." Ilowever, the Foderal share of recent masters
degree recipients in this field declined from 9 to i percent
over the period. State and local governments similarly

tata lor 1980 are front SRS (1982).

increased their share of recent bachelors degree recipi-
ents in engineering from 3 percent in 1980 to 5 percent
in 1990 and ckcreased their share of masters degree
graduates in engineering from 4 to 3 percent. These fluc-
tuations in S&L employment can be attributed to shifts
in defense spending over the decade.

Industry has accounted for the largest share of recent
S&:F. graluate employment. The share of recent gradu-
ates with masters degrees in engineering employed by
industry has increased from 76 percent in 1980 to 78 per-
cent in 1990. Conversely, over the same period, baccalau-
reate engineering recipients have declined in their share
of industrial employment, dropping from 88 to 78 percent.
For science degree recipients, industry's share of recent
graduates with masters degrees incl.( .ased from 40 to 51
percent between 1980 and 1990, while its share of recent
bachelors degree recipients rose from 58 to 60 percent.

Demographic Trends: Doctorate
Recipients"'

In 1989, the population of doctoral scientists and engi-
neers was about 485,000, an increase of 4 percent per
year since 1977 when it was almost 304,000. The annual

I )illil lor this scction aw from Ow National Science Foundation's
Survey of Doctorate Recipients biennial survey series. Tilt, ino,t recent
survey was cmidticted in 1989. For infornuttion on standard errors
associated with these survey data, see SRS (1991).

Figure 3-10.
Distribution of bachelors and masters science
and engineering graduates, by primary work
activity: 1990

Engineering graduates Science graduates

R&D

R&D mgmt.

Other mgmt.

Teaching

Bachelors recipients
Masters recipients

Production &
inspection

Reporting, stat. wk.,
ccmputing

Sales/prof.
services

Other

60 50 40 30 20 10 0 0 10 20 30
Percent Percent

See appendix tables 3-8 and 3-9.

Science 8 Engineering Indicators - 1991



76 Chapter 3. Science and Engineering Workforce

rate of retirement for doctoral scientists and engineers
increased from about 0.5 percent between 1977 and 1979
to 0.8 percent during the 1987-89 period." The effect of
this change was a dramatic increase in the proportion of
the doctoral scientist and engineer population who were
retireda rise from 3.2 percent in 1977 to 5.6 percent in
1989. Most of this increase occurred after 1985, when
retirees accounted for 3.5 percent of the S&E doctoral
population. As larger proportions of doctoral S&E workers
enter the 55 years and older age group, retirements may
begin to have a significant impact on their supply.

Retirees varied considerably by degree field. In 1989,
retirees accounted for between 6.5 and 8.5 percent of the
doctorate-holders in the physical and social sciences and
in chemical engineering. Rates were much lower-3.5 to
5.1 percentamong doctorate-holders in the mathemati-
cal and environmental sciences, psychology, and electri-
cal and mechanical engineering. No retirements were
reported by individuals in the computer sciences, a rela-
tively new field.

Market Conditions
The likelihood of scientists and engineers at the doc-

torate level to enter the workforce remained very high in
1989 and appeared to have been unaffected by swings in
the Nation's economy during the late seventies and
eighties. Throughout the 1977-89 period, the labor force
participation ratc of doctoral scientists and engineers
was approximately 95 percent. Doctoral scientists and
engineers had little trouble finding work during this peri-
od; their reported unemployment rate ranged from 1.2
percent in 1977 to less than 1 percent in 1989 (SRS
1991). By contrast, the overall unemployment rate in the
tInited States was 5.3 percent in 1989 and 1.7 percent for
professional workers (BLS 1991). Tlw unemployment
rate for scientists and engineers at all degree levels com-
bined was 1.5 percent in 1988 (SRS 1990c).

Employment Rates
Employment of doctoral scientists and engineers

reache(l 449,000 in 1989, an increase of 57 percent (3.9 per-
cent per year) over 1977. Since 1983, however, employ-
ment growth of S&E doctorate-holders has slowed. The
annual rate of increase for the 1983-89 period was 3.3
percent per year, compared to 4.4 percent annually
between 1977 and 1983.

Despite substantial variation within individual S&E
fields, the overall proportions of emphiyed doctoral sci-
entists (83 percent) and engineers (17 percent) have
remained constant since 1977. The higher proportion of
science doctorate-holders reflects (1) their rchtive con-
centration in academia and (2) the higher level of educa-
tion needed by scientists (compared to engineers) for
professional status.

hit rpti1en1t,n1 flilt i tin number of individuals who retirpd dur-
ing a 2-Year 1111411'A dividcd bY the tclal population al 1114, beginning ot
the 411(.4N1le.g., the number of in(hividual,: Who n.tired betwecn 1987
and 1989 cxpressed as ;11)(1111118p' of thr 1987 population.

Within both science and engineering, growth rates for
employed doctoral scientists and engineers varied consid-
erably by field over the 1977-89 period. (See figure 3-11.)
Among the sciences, where overall growth was approxi-
mately 4 percent per year, the lowest rate was in the
mathematical sciences (1.6 percent per year). With
almost 11-percent annual growth, the computer special-
ties was the fastest growing field. Growth among the
engineering subfields varied within a narrower range.
Overall employment of doctoral engineers also increased
at an annual rate of slightly over 4 percent; by subfield,
growth ranged from 3.0 percent per year for chemical
engineers to almost 10 percent per year for aeronautical/
astronautical engineers.

These differing growth rates altered the field distribu-
tions of the S&E doctoral workforce over the 1977-89
period. Among scientists, die proportions employed as
computer specialists, psychologists, and life scientists
increased while the percentages employed as physical,
mathematical and social scientists declined. In contrast,
there were relatively modest shifts among engineering
subfields. (See figure 3-12.)

Primary Work Activities
Between 1977 and 1989, the number of doctoral scien-

tists working primarily in R&D increased by about 60
percent, while the number of their engineering counter-
parts rose 74 percent. Approximate'v 33 percent of

Figure 3-11.
Annual rates of employment growth for doctoral
scientists and engineers, by field: 1977-89
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See appendix table 3-12. Science & Engineering Indicators 1991
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Figure 3-12.
Distribution of employed doctoral scientists and
engineers, by field
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See appendix table 3-12.
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Ph.D,-holding scientists and 30 percent of doctoral engi-
neers reported basic or applied research as their primary
work activity in 1989, up from 29 and 2$ percent, respec-
tively, in 1917. (See figure 3-13.) Another 3 percent of
doctor& scientists and 16 percent of doctoral engineers
were working in development in 1989.

The next most prevalent work activity was teaching.
Approximately 27 percent of doctoral scientists and 17
percent of doctoral engineers reported teaching as their
primary work activity in 1989. In 1977, these proportions
were higher-34 and 20 percent, respectively; the down-
ward trend reflects the shift in Ph.D. concentration from
academia to industry.

About 7 percent of doctoral scientists and 15 percent
of doctoral engineers cited R&D management as their
primary work activity in 1989. These proportions were
down from 9 and 19 percent, respectively, in 1977.

Sectors of Employment
Although educational institutions remained the pri-

mary employer of S&E doctorate-holders in 1989, this
sector's employment share has declined steadily since
the hte 1970s. Industry's share of doctoral scientists and
engineers meanwhile has increased. In 1977, 62 percent
of Ph,D,-holding scientists and 35 percent of their eni-i-
!leering counterparts were employed in acadenfia; by

1989, the proportion of scientists had dropped to 55 per-
cent and that of engineers to under 34 percent. (See fig-
ure 0-11 in Overview.) Concurrently, the proportion of
doctoral scientists employed in industry increased from
20 to 28 percent, and that of engineers from 51 to 56 per-
cent. The following paragraphs further detail this shift
from academia to industry.

Educational Institutions. Between 1977 and 1989,
doctoral S&E employment in educational institutions
increased at an average rate of 2.9 percent per year; this
was about half the 6.1-percent rate for industry. As a
result of academia's slower growth, the proportion of the
Nation's Ph.D.-holding scientists and engineers
employed in this sector declined from 57 to 51 percent.

The relative importance of academia as a source of
employment for S&E doctorate-holders varied consider-
ably by field. Roughly three-fifths of all doctoral scien-
tists were employed in this sector, compared to about
one-third of all doctoral engineers. Educational institu-
tions employed 71 percent of the Nation's social science
doctorate-holders, 61 percent of the Ph.D.-holding life
scientists, and 44 percent of doctoral psychologists.

Growth in academic doctoral employment also varied
by S&E field over the 1977-89 period. (See figure 3-14.)
Doctorate-holding computer specialists increased at the
fastest ratean average annual rate of almost 10 per
cent. Life scientists and engineers in all subfields regis-
tered above average growth rates ---3.5 percent and

Figure 3-13.
Distribution of employed doctoral scientists and
engineers, by primary work activity
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Figure 3-14.

Annual rates of growth for doctoral scientists and
engineers in academia: 1977-89
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almost 4 percent annually. Skiwer than average growth
was recorded by physical and mathematical scientkts.
who increased by only ().9 arid 1.3 percent per year,
respectively. These differing. growth rates changed the
field distribution of doctoral scientists and engineers
over the period. For example, the proportion of physical
scientisk declined from about 17 to 13 percent. and tlu.'
proportion of engineers rose from 10 to 11 percent.

After experiencing a slowdown in growth in the mid-
eighties, doctoral scientist employment in academia has
r(1)(innded in wce.tt years. Employment of Ph.D.-holding
scientists increased at an average annual rate of 2.7 per-
cent between 1987 and 1989, up substantially from an
annual growth of 1.3 percent for the previous 2-year peri-
od. Opposite patterns were experienced by doctoral engi-
tmers, wlmse employment increased by 4.5 percent annu-
ally over the 1985-87 peri(n1 and then dropped to less
than 3 percent per year Over the 1R.xt 2-year period.

Industry. Since the late seventies. the sectoral distribu-
tion of doctor 1 scientists and engineers has shifted
toward industry. increasing at average annual rates of (-;,5
and 5.2 percent. resp(Ttively. By 198), 28 percent of all
Ph.D.-holding scientists and 56 percent of all doctoral
engineers worked in industry. The computer sciences,

psychoh&y, and the social sciences were the fastest grow-
ing science fields for doctorate-holders employed in indus-
try,: aeronautical/astronautical. civil, and electrical/elec-
tronic welv the fastest growing engineering subfields.

Overall, industrial eniployment of S&E doctorate-hold-
ers has slowed since the early eighties. Between 1983
and 1989, the employment of doctoral scientists in indus-
try increased at an average rate of 4.6 percent annually;
doctoral engineering employment rose 3.3 percent per
year. These declining growth rates reflect several fac-
tors, including

A greater demand by academia for S&E doctorate-
holders;

A shortage of doctoral personnel in such high-
demand S&E fields as the computer sciences and
certain engineering specialties; and

The relatively strong growth in development activi-
ties, which, as compared to basic and applied
research, are generally carried out by less highly
trained personnel (SRS 19881), p. 22).

A few S&E fields/sublields did not experience a declin-
ing growth rate in the latter half of the 1977-89 period:
These were the physical sciences and mechanical and
civil engineering.

Employment of Women and Minorities

Women. Women continue to account for an increas-
ing share of the employed Ph.D.-holding scientists and
engineers. Their representation grew to 17.2 percent in
1989 compared to 9.7 percent in 1977. The fields with the
greatest relative growth of mmien doctorate-holders
were the computer scienceswhich increased employ-
nultt of doctoral women from few(T than 250 in 1977 to
over 2,300 in 1989and engineeringwhich increased
employment fr(iin fewer than 300 to over 2.300 during
the same period. Despite this rapid growth, only about Ii

percent of doctoral women were either computer special-
ists or engineers in 1989. (See figure 3-15.) The life sci-
ences. social sciences, and psychology together account-
ed for (wer 80 percent of the peri(id's increase in the
employment of doctoral wown. Overall, the fiild distri-
bution of women with science doctorates did not change
greatly over the 1977-89 period. Women were, however,
somewhat more likely to be psyclmlogists or computer
swcialists and less likely to be mathematical or physical
scientists in 1989 than in 1977.

Minorities. I hiring 1977-89, the nuinbers of employed
black iud Asian S&P. doctorate-holders rose at average
annual rites of 8.4 and 8,0 percent. respectively, fig-
ure 3-16.) Tlmse rates were Over twice the 3.7-percent
rate for hites. Recently (1987-89), SM.: doctorate
growth has slowed; black and Asian Ph.D,-holder.
increased at average rates of 6,1 and 6.3 percent per
year, respectively; the corresponding rate for whites was
3.2 percent.
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Figure 3-15.
Distribution of employed doctoral scientists and
engineers, by field and gender: 1989
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Despite their rapid employment growth. blacks account-
ed for only about 1.6 percent (7,200) of all cmphwed doc-
toral scientists and engineeN in 1i89. This proportion rep-
resented a slight increase over 1977, when blacks
itccounted for only 1.0 percent of employed (I()ctoral scien-
tists and engineers. On the other hand, the more than
41,000 employed Asians with SU: Ph.D. degrees repre-
sented ab(mt 9.2 pecent of the total in 1989, up signifi-
cantly front 5.7 ptrcent in 1977.

Supply and Demand Outlook for S&E
Personnell'

The 19905 should be a period of relative stability in
S&E labor markets, particularly as compared with the

Flit model pre-;ented here repre,enk flit d ,everal
ill1111.00.(111.,, 10 examining the outlook lo1 ti&I-. personnel. Homily
robust models with (Inlet:lit as..timpiions ;thou!
(m. incorporatint dillerent personnel populations, lob mohilit, and
(idlei tailors are likely It) Elllph)y1111.111 1/11lit`e.

lion. tor die study v, ere geinTated by Nsl.", occupations modeline,
system, tleycloped h I 1:111 10111.0".... hie MeCra'A.1 NI. Thy ,upply
Proivalow' \yen based on a model that incorporates all major Ni,...rees
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defense buildup of the early to mid-1980s wilt 'II many
S&E fields experienced temporary shortages.r: This con-
lusion has been reached after a careful examination of

Various demand simulations to determine how
alternative national economic growth patterns
might affect S&L.. employment, and

Supply side simulations to test the ability of the sup-
ply systtln to respond to these various demand sce-
narios.

The supply and demand models used to produce these
shnulations try systematically to account for the many
institutional features, individual behavior patterns, (enm-
graphic trends, and economic forces that govern S&E
labor markets (Leslie and Oaxaca 19)1). Results and fea-
tures of these models are provided in this section.

Operations of the S&E Labor Market
Because the performance of the U.S. economy is a

major influence on S& I:: employment. it is important to
understand the fundamental operations of the economy
in generating jobs for scientists an(l engineers (see
"S&E Employment: Demand Side," p. 80), and in filling
those jobs throng) education and training institutions
(see "S&E Employment: Supply Side," p. 81). The mod-
els upon which the following results are based attempt to

of response to hanges in demand. Developed under grant to Dr.
Robert Dauffenbach (Oklahoma rniversity), (hese projection; are
intended to idvntity potential problems within the SikE labor market,
as wvIl ;Is to assist in understanding the dynamics and flexibility of the
ti&E lalmr supply.

' term -relative stability" indicate.: an overall balance bew,ven
total supply and demand for scientists and engineers. It does not mean
that supply and demand for each SiK.. fickl will be in Pelicci
rium throughout the deciule..As has been the case in the imsl. iul

shortages and surpluses will continue lo occur across various SikE
fields in response to supply/demand fluctuations.

Figure 3-16.
Index of doctoral science and engineering
employment, by racial/ethnic group
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S&E Employment: Demand Side

From the demand perspective, employment of S&E
personnel begins with "final industry demand"-that
is, the output of goods and services from the various
agriculture, mining, manufacturing, and service indus-
tries that is available for purchase by households, busi-
nesses, government, and foreigners. Because indus-
tries buy raw materials, products in intermediate
stages of production, and services from other indus-
tries, the total volume of production in a given industry
exceeds the total available for final purchase. Final
demand in the various industries thus needs to be
translated into total output per industry.

Once total industry output is known, productivity
ratios-that is, output divided by labor input-can be
used to compute employment by industry. From
there, it is a simple matter to translate the industrial
employment into occupational employment. This
translation is accomplished through use of the occu-
pational employment distribution per industry-the
percentage of employees who are scientists and engi-
neers, managers, clerical employees, blue-collar, (-tc.
Summing the resulting employment by occupation
across industries yields total occupational demami.
Thus, through such models, it is possible to translate
alternative final demand patterns into estimates of
total employment by occupation.

capture these fundamental operations systematically. In
this manner, alternative scenarios about the future and
the ability of the supply system to meet such contingen-
cies can be examined and assessed.

A variety of denland scenarios can be envisioned. For
example, one scenario might involve high overall growth
in U.S. output, a shift toward services and away from
manufactured goods, lower military hardware produc-
tion, and extensive defense and nondefense R&D. It is
possible to imagine other scenarios that might involve
slow overall growth of the U.S. economy, but with a shift
in production of goods and services toward industries
that rely heavily on S&E employmenL Even though
aggregate economic output would not change under
such a scenario, S&E employment would expand. Many
such scenarios could be developed and then tested rela-
tive to the ability of the supply systcm to respond.

Three adjustment mechanisms dominate supply
responses in the present mo(kling framework: degree
shares, employnwnt retentions, and field !nobility. In
response to high levels of demand, degree shares (S&
degrees as a percentage of total (1 egrees awarded)
increase in the corresponding categories (Dauffenbach
1990). Also, retentions in S&E employment domains
increase, which is to say that a high percentage of S&E
graduates remain in S&I, occupations rather than pursue
alternative careers in marketing and management. In ad-
dition, workers with training in the shortage occupations

become more concentrated in their respective fields of
employment, and workers with training in related fields
shift their employment to the occupations experiencing
shortfalls. Final outcomes of the supply simulations show
the leveling effects of the operations of the supply sys-
tem. Both shortages and surpluses are lessened, exhibit-
ing much more favorable balance than the initial changes
in demand would indicate.

Projected Demand for S&E Personnel
As described above, projections are forecasts that are

conditional upon a variety of assumptions that depict
economic. institutional, and social conditions. Tlw analy-
sis in this section was therefore designed not to provide
a single numeric estimate of future employment require-
nients, but instead to provide a well-defined range within
which employment growth is likely to occur during the
1q90-2000 period.

Three projection scenarios-a "low, a "mid," and a
"high"-were analyzed with the demand model using
alternative sets of assumptions designed to encompass
likely economic performance during the sinmlation peri-
od 1990-2000." (See text table 3-3 for a summary of these

' L economic assumptions used in the tlwee projection scenarios
(low. tuid, and high) w(Te provided by Data Resources, Inc./N1cGraw-

scenarios were run in the sununer of 1991. Based on these
assumptions. NSF's PC occupations modeling system generated esti-
mates of prt)jected total cillployinent by sector. The occupathmal struc-
ture used by the Bureau of Labor Statistics was applied to the total
eniployment projecthmti.

The scenarios are not predictions; consequently, departures from
the assuniptions on which the scenarios are based may alter future
outcomes significantly.

Texi table 3-3.
Summary statistics for macroeconomic scenarios:
1990-2000

Indicator
Macroeconomic scenarios
Low Mid High

Average annual real growtn

Percent
GNP 1.7 2.2 2.7

Consumption 1.4 1.7 2.1

Business fixed investment. . 2.2 3.6 5.1

Exports 5.2 5.7 6.1

Imports 3.7 4.0 4.8

Average annual growth

Labor force 0.7 1.2 1.6

Productivity 1.1 1.3 1.5

Industrial production 1.8 2.5 3.1

Average level

Inflation (GNP deflator) 4.7 3.6 3.1

Unemployment 6,2 6.0 5.9

NOTES: Growth rates for the projection period are compo'. ' annual
growth rates calculated between the years 1990 and 2000. aye}
variables are averages fc r the years 1991 to 2000

SOURCE: Data Resources, Inc./McGraw-Hill.

Ecience & Engineering Indicators - 1991
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assumptions.) S&P; employment changes vary substan-
tially from 1990 to 2000 under the three alternative eco-
nomic growth scenarios:

* Low growthS&L employnwnt is expected to
,:xpand by 13.6 percent;

Mid growthS&E employment is expected to
expand by 20.6 percent; and

High growthS&E employnwnt is expected to
expand by 26.7 percent.

(See text tabl( 3-4.)
Growth differs dramatically among the five major

groups of S&E employment: engineem math and com-
puter specialists, biological scientists, physical sckntists,
and social scientists. As shown in text table 3-4, the prin-
cipal beneficiaries of growth in the 1990s are expected to
be math and computer specialists and engineers. t Inder
the low-growth scenario, demand is particularly weak for
physical, biological, and social scientists. Under all sce-
narios, growth is concentrated among the engineering
and math and computer specialties. This degree of con-
centration raises a concern as to the ability of the supply
system to adjust to nwet this demand.

Supply Side Responses
There are many ways in which the supply system can

adjust to meet this conOngency of concentrated growth,
including the following:

Students presently enrolled can shift to high-growth
majors.

Recent graduates with nlated degrees can seek
onploynwnt in high-growth fields.

Experienced workers can seek retraining and
become occupationally nmbile into such jobs.

Experienced workers with training in high-growth
fields wlm are pursuing non-S&E careers can return
to S&P; employment.

Those working in high-growth fields cim extend
tlwir careers in those areas.

* Immigrants can make up sonw of the shortfall in
high-growth areas.

Later retirement could offset high demand.

The supply mock] needs to capture these various facets
of flexibility in system Operations. However, the amount
of flexibility the supply model exhibits !mist be based on
historical magnitudes (Collins 1988).

Supply model simulations were run on each of the three
deinand scenarios.' Overall, Ihe low-growth supply simu-
lations show about a 4.0-percolt ovendl surplus by 2000---a

The tio...F. ,upply model used to produce thcse estinies wits devel-
oped for Ntil: by Dr. Robert !mutlenbach mulct an grant to
Oklalunna 'Iilt I niversity. Tilt current modcl builds upon an earlier
model application (see Daultenbach Fiorito 1983).
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S&E Employment: Supply Side

On the supply front, there are many factors that
must be considered. A large amount of attention is
typically paid to the production of S&E college
degrees at both the baccalaureate and graduate lev-
els. Underlying demographic trends of prime col-
lege-age groups, their rates and trends in college
attendance, their willingness to pursue S&E
degrees, and their willingness to work in S&E jobs
once they graduate must also be examined. Recent
college graduates represent a flow of new S&E per-
sonnel into the supply system. (See "Demographic
Trends: Recent S&E Graduates," p. 72.)

These flows of newly trained personnel are much
smaller than the stocks of employed people in vari-
ous S&E occupations. (See NSB 1989, pp. 77-80, for
an extensive discussion of S&E labor market stocks
and flows.) The stocks of employed persons in S&E
occupations, in turn, are smaller than the total num-
ber of S&E personnel in the workforce. Take, for
example, engineers. In 1989, there were 67,200 bach-
elors degrees awarded in engineering and about 1.6
million people employed in engineering jobs (not all
of whom had engineering degrees). However, since
World War II, the total number of engineering bache-
lors degrees earned in the United States exceeds 2.0
million. A very large percentage of these graduates
are still in the workforce today. Thus, as important as
the flows of new S&E graduates are in the supply sys-
tem, these numbers are small compared to the stocks
of people employed in S&E occupations and the num-
ber in the labor force who have training in S&E
fields. Consequently, small changes in the behavior
of experienced workers can have dramatic supply
consequences. Supply models must capture the
behavior of experienced workers through analysis of
the longevity of S&E careers. Such models must also
take into account the willingness and ability of S&E
trained personnel to work in occupations that do not
exactly match their training (Dauffenbach 1990).
This latter concept is known as "field mobility."

particularly slow growth scenario. (See figure 3-17.) Be-
low average surpluses are shown for math and computer
specialists and physical sckntists, while surpluses for the
other occuixttional groups are slightly above average.

The mid-growth scenario indicates approximate bal-
anceonly about a 0.5-percent overall surplus. The bal-
ancing effects of supply system operations leave only a
small percentage difference between the field of highest
comparative shortage ind highest comparative surplus.

The high-growth scenario, which yield:z an overall 26.7-
percent growth in demand in the 1990s, results in zin
overall shortage, but not a significant one. Overall, tout]
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Text table 3-4.
Projected science and engineering job growth

Occupational group 1990
2000

Low Mid High

Total scientists and engineers . . . 3,060 3,476 3,689 3,877
Percentage change 13.6 20.6 26.7

Engineers 1,558 1,740 1,877 1,980
Percentage change 11.7 20.5 27.1

Math and computer specialists 658 839 883 931

Percentage change 27.5 34.2 41.4

Biological scientists 298 317 327 339
Percentage change 6.2 9.7 13.9

Physical scientists 246 265 277 289

Percentage change 7.5 12.5 17.6

Social scientists 300 315 325 338

Percentage change 5.1 8.4 12.7

SOURCES: Bureau of Labor Statistics and National Science Foundation,
unpublished tabulations.
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supply equals 98.0 percent of total denland. There are
only a few examples of detaikd S&E occupations where
the extent of the shortage exceeds 2.0 percentage points.

Unanswered Questions
The Questions. Despite modeling advances to assess

S&L employment outlooks, uncertainty remains high on
both sides of the supply/demand equation. The questions
abounding on the demand side include the following:

Will decreases in defense spending dramatically
affect S&E labor markets?

Will the threat of foreign competition drive U.S.
manufacturers toward more R&D spending?"

Will the generally slower growth prospects for the
US economy impinge on demand for S&E person-
nel (SRS 1988b)?

Will the rebuilding of Eastern Europe lead to a
surge in demand for capital goods that have sizable

S&E components?

Will Federal budget deficit problems lead to a slow-
ing of Federal R&D siwnding?

Ati these questions show, the impacts of recent events do
not lead in a consistent direction. Some lead to increases
in ( qnand; others, to decreases.

On the supply side, too, there are many unanswered
questions:

Tbk could have a negative impact on demand (or ti&I.:
workers if companie,: increase tiwir fractiow: 01 R&I) outside 01 the
l'.nited States (where the labor involved is larg(ly foreign nationals).

Will the I inited States be able to continue its reliance
on immigrants to fill Ph.D.-level jobs (Forrest 1990),
or will rising international S&E demand begin to
draw off this talent?

Will the upheavals in Central and Eastern Europe
and the former USSR, coupled with relaxation in
emigration rules, lead to a massive exodus of S&E
workers to the Western world?

Will smaller youth cohorts in the prime college
attendance years begin to have a dramatic impact
On S&E degrees?

Will women and minorities, who now make up a larg-
er proportion of the college-age pool, begin to pur-
sue S&E educational opportunities in increasing
numbers (SRS 1990a, p. 31)?

As larger proportions of S&E workers eliter the 55
years and older age group, will retirements begin to
have a much more significant supply impact?

What are the implications of extending mandatory
retirement to age 70?

As with demand, uncertainties in supply also do not
point in the same direction.

Answer Lies in Supply Flexibility. The supply sys-
tem reveals a fairly high degree of flexibility in the face
of uncertain demand shocks. It is not infinitely respon-
sive, however. Other factors limit its flexibility:

The adjustment mechanisms the supply system
incorporates are not without costs in lost productivi-
ty; retraining expenses; and employer, industry, and
occupational mobility.

In the high-growth scenario, it may prove difficult
for higher education to respond to the demand for
degrees in fields experiencing relative shortages.

Figure 3-17.
Estimated range of supply/demand differentials for
scientists and engineers: 2000

Percent
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-2

-4
Total

scientists/
engineers

Engineers Math and Biological
computer scientists

specialists
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Physical
scientists

Social
scientists

Surplus

Balance

Shortage

SOURCE: Science Resources Studies Division. National Science
Foundation, unpublished tabulations.
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Moreover, since the more willing and sometimes more
able are likely to be the first to engage in field !nobility,
the real and psychological costs of retraining and mobil-
ity will rise with each incremental no..ed for change. It
will prove increasingly costly to retrain personnel who
are field-mobile to the areas of high demand.

As costly as such dislocations are, the supply system
!wears capable of adjusting to rather wide differentials
in demand growth. The overall demand growth differen-
tiLl between the low and high scenarios is 13.1 percent-
age points (26.7-percent gr)wth in the high-growth sce-
nario) versus 13.6-percent growth in the low-growth sce-
nario). Supply system operations reduce this differential
to half its former size: 2.0-percent shortage to 4.0-percent
surOus, or a (i.0-wrcentage point differential. (That is,
about half of the difference in demand between the high-
and low-growth scenarios can be accommodated by
adjustments in the supply system.)

Neither of these numbers represent a high degree of
disequilibrium in the market for scientists and engi-
neers. These demand scenarios and atter Plant supply
processes Can thus be said to exhibit relative balance for
S&E labor markets in the 1990s. The possibility of spot
shortages in certain S&E fields is not precluded, how-
ever. For example, the adjustment mechanisms in the
supply system may be insufficient to meet the expected
increase in demand for computer systems analysts.

Because of thel;e many lingering uncertainties, S&E
labor markets need to be followed closely and the sce-

narios and models improved continuously.

International Ehiployment of Scientists
and Engineers

A country's employment of scientists and engineers is
a significant indicator of its level of effort in and relative
national priorhy for science and technology. Interna-
tional comparisons are complicated by differences in
countr;es definitions of specific jobs and in methods of
data collection and estimation. still, international
employment data provide insight into the relative
strengths of the S&E workforces in the United States
and other countries.

This section explores trends in international S&
employment, including employment sectors, primary
activities, and employee characteristics in France, Italy,
Japan, Sweden, the United hingdonn, the United States,
and West Germany."' Also included is a brief discussion
of trends in the emigration of foreign scientists and engi-
neers to the tilfited States. (See "Immigration," above.)

International S&E Job Patterns
In the early to mid-1980s, the nunther of nomacademic

scientists and engineers employed in the United States

' Italy and Sweden are excluded from several discik.;ion areas
because ot a lack of comparable data. 1Vesi 0 ;erman dant arc tor
Germany only and do not include data for the former East Genuany.
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Immigration

Immigrant scientists and engineers are an impor-
tant component of the S&E workforce in the United
States. They represent a valuable resource to the
Nation's economy.

In 1988, 11,000 scientists and engineers immigrated
to the United States. Forty-five percent of these im-
migrants came from Asiathree times the number
that came from Western Europe. The largest num-
bers of immigrants came from India, Taiwan, The
Philippines, and the United Kingdom, each of which
accounted for more than 750 immigrants.

Almost three-quarters of the S&E immigrants to
the United States were engineers. Only 11 percent of
the new immigrants were in the natural sciences, 11
percent were mathematicians or computer special-
ists, and just 4 percent were social scientists.

exceeded the combined total of those in France, Italy,
Japan, the Ilnited Kingdom, and West Germany.'s Exam-
ining the number of scientists and engineers as a propor-
tion of each country's total labor force shows that the
United States employed the highest percentage of scien-
tists and engineers, followed by (in (lescending order)
Japan, West Germany, the United Kingdom, and France.
Italy employed the lowest proportion of scientists and
engineers. (See figure 0-7 in Overview.)

In the live countries compared here (Francelapan,
the United Kingdom, the United States, and West
Germany), the services sector is usually the most impor-
tant employer of scientists, while most engineers are
employed in the manufacturing sector. In the 1980s, the
services sector was the largest employer of nonacademic
scientists in all countries except West Germany; there,
manufacturing industries employed the largest percent-
age of these scientists. (See figure 3-18.) Tlw umufac-
turing sector was the largest employer of nonacademic
oqtgineers in all comntries: it was particularly significant
in the United States and the United Kingdom, where it
employed half of the engineers. The services sector
employed the next highest proportion of nonacademic
engino.(Ts in all five countries.

By occupation, industrial/meclmniml engineers con-
stituted over half of the SM.: manufacturing workforce in
the United States (1988) and the United Kingdom
(1981). The proportion of these engineers was also high
in France (1987) and Wost Germany (1985), where they
accounted for between 43 and 45 percent of all scientists
and engineers employed in manufacturing.

The distribution of the Japanese S&F, manufacturing
workforce differed froon that of the other co amtries. In

-Academic SM.: employment is excluded from this discussion
because data are not available.
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Figure 3-18.
Nonacademic scientists and engineers, by
sector of employment
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See appendix table 3-18. Science & Engineering Indicators 1991

Japan (1985), the largest proportion of its S&E manufac-
turing workforce was civil engineers (32 p('rcent) and
industrial/mechanical engineers (27 percent). Japan also
had a higher proportion of computer speciafists (21 per-
cent) than did the other four counnies. Thousands

1,000

than a third of U.S. nonacademic scientists and engineers
were under 35 (1986). Moreover, Japan had the smallest
proportion of scientists and engineers (7 percent) older
than 55; the United States had the second highest (18
percent).

Internationally, most scientists and engineers were
middle-aged: About half the scientists and engineers in
France, the United States, and West Germany were
between 35 and 54 years old.

Gender. The vast majority of scientists and, especially,
engineers in all countries compared here were male.
(See appendix table 3-17.) However, the fractions for
female S&E employment are increasingslowly in engi-
neering and more rapidly in the sciences. France, the
Unite(l States, and the United Kingdom had the best
records of employing female scientists and engineers
(14 percent, 13 percent, and I) percent, respectively).

Educational Attainmem. The quality of a nation's
S&E workforce is greatly influenced by the level of edu-
cation attained by its workers. Information on the field
and level of S&E degrees awarded can therefore serve as
a valuable indicator of the competitive potential of a
country's workforce.

Figure 3-19.
Scientists and engineers engaged in R&D, for
selected countries: 1987

R&D Activity
900 United States

The United States had more full-time equivalent scien- Japan

tists and engineers engaged in R&D in 1987 than did 800 West Germany
Japan. West Germany, France, the United Kingdom, France

Italy, and Sweden combined. (See figure 3-19.) In fact, 700 United Kingdom

the United States had twice as many R&D scientists and Italy

engineers as Japan and about five times as many as \Vest 600 Sweden

Germany: Japan and West Germany being the countries
with the next highest numbers of R&D scientists and 500
engineers. As a proportion of the labor force, however,
other countries now have concentrations of R&D scien- 400
tists and engineers approximating that of the United
States. In 1987, Japan's ratio per 10,000 was close to that 300
of the United States-68.8 versus 75.9, respectively.

200

Employee Characteristics
Age. The age profile of a country's S&E workforce is

used as an indicator of how recently the population of sci-
entists and engineers may have been trained. It also pro-
vides information ()it the potential need ft w replacements.

Japan has a younger nonacadenlic S&E workforce than
do the other countries. Almost half of the nonacademic
scientiAs and engineers in Japan (1985) were younger
than 35. (See figure 3-20.) In comparison, slightly less

100
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See appendix tables 3-19 and 3-20.
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The United States (1988) and Sweden (1987) had sig-
nificantly lower percentages of university graduates in
the natural sciences and engineering than did the other
five countries--20 and 12 percent, respectively. In con-
trast, in France (1987) almost half of first university
degrees were awarded in either the natural sciences or
engineering. Corresponding proportions were 37 per-
cent in the United Kingdom (1988), 35 percent in West
Germany (1988), 31 wrcent in Italy (1987), anti 27 lwr-
cent in Japan (1988). France, the United Kingdom, and
West Germany all had greater concentrations of first uni-
versity degrees in the natural sciences in 1986 than (1id
the I hilted States. In absolute numbers, however, the
U.S. degree recipients were nu)re numerous.

In 1988, more Japanese than I1.5. students received
first university degrees in engineering (76,000 versus
70,000) despite the fact that Japan's college-age popula-
tion is only about one-quarter that of the United States.
(See figure 0-14 in Overview.) However, the United
States awarded more than twice the number of engineer-
ing doctoral degrees an(I nuwe than 10 times the number
of natural science doctorates than did Japan in the same
year.
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Figure 3-20.
Nonacademic scientists and engineers, by age for
selected countries

Percent
100

United West United
States France Germany Japan Kingdom
(1986) (1987) (1985) (1985) (1981)

See appendix table 3-22. Science & Engineering Indicators - 1991
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Financial Resources for Research and Development

HIGHLIGHTS

U.S. Research and Development (R&D)the
National Level

Growth in the Nation's R&D investments slowed
in recent years. U.S. support for R&D grew at an esti-
mated average annual constant dollar rate of 1.2 percent
between 1985 and 1991, one-sixth the rate of growth for
1980 to 1985. Total R&D expenditures reached an esti-
mated $152 billion in 1991, or 2.7 percent of the gross
national product (GNP). See pp. 89-90.

A decreasing fraction of U.S. R&D support is
being provided by the Federal Government. The
Federal share of the Nation's R&D funding total edged
downward. from 46 percent in 1985 to 44 percent in
1991. Industry's share of total was the same in both
1985 and 1991-51 percent. The combined share of sup-
port from state governments, universities, and nonprofit
institutions rose from 3 to 5 percent. See pp. 90-91.

The university share of total U.S. R&D perfor-
mance continues to grow. Industrial firms' R&D per-
formance accounted for 74 percent of the U.S. total in
1985 and 72 percent of national 1991 expenditures. The
share of all R&D that was conducted in academic insti-
tutions grew from 12 to 15 percent over the same time
period. Federal agencies accounted for 11 percent of
the U.S. performance total in both years. See p. 91.

Federal R&D funding patterns reflect increased
support for several nondefense policy objectives.
More than 90 percent of the growth in Federal R&D
support from 1980 to 1986 was defense-related. Since
then, the largest Federal R&D increases have been
for health and space programs. Nonetheless, defense
still accounted for 59 percent of the 1991 Federal
R&D funding total. See pp. 94 and 99.

An increasing proportion of health R&D is
funded by non-Federal sources. Between 1985 and
1991, the Federal share of total health R&D dropped
from 50 to 42 percent. Industry support grew from 40
to 47 percent of total. See pp. 100-01.

The use of Federal incentives to foster R&D
growth and inter-sector research cooperation has
increased rapidly. Federal support for small business
research has increased by more than 10 percent (in
constant dollars) per year since 1985. Tax credits for
R&D expenditures annually provide over 81 billion of
indirect Federal support. More than 200 industry coop-
erative research ventures have been registered nation-
wide since 1985, and 868 cooperative R&D agreements
between Mdustrial firms and Federal laboratories have
been negotiated since 1986. See pp. 97 and 101-02.

U.S. R&Dthe State Level
U.S. R&D performance is concentrated in a few
states. Half of the 1989 nationwide R&D effort was
undertaken in five statesCalifornia, New York,
Michigan, Massachusetts, and New Jersey. However,
New Mexico and Delaware had the largest R&D to
gross state product ratios. See pp. 103-04.

States continue to be heavily involved in fostering
R&D growth and research cooperation among
sectors. Since 1985, at least 30 states have established
institutions promoting local economic development
through science and technology. At least 36 states
award university-industry research grants to support
growth strategies; no fewer than 20 provide tax incen-
tives for R&D conducted in-state. See pp. 104-05.

Industry support of the U.S. academic R&D ef-
fort rose from a 4-percent share in 1980 to a 7-
percent share in 1989. Industry support comprises
a notably higher fractionup to 20 percentof aca-
demic R&D in states whose universities' research per-
formance is relatively small. See pp. 106-07.

U.S. R&DInternational Comparisons
The United States spent 16 percent more on R&D
in 1989 than did Japan, West Germany, France,
and the United Kingdom combined. However, these
four countries collectively spent 12 percent more on
total nondefense R&D than did the United States. The
United States, Japan, and West Germany each invested
close to 3 percent of their respective GNPs on R&D.
Excluding R&D for defense purposes, the 11.S.
R&D/GNP ratio (1.9 percent in 1989) trails those of
Japan (3.0 percent) and West Germany (2.8 percent).
See pp. 107-08.

Government R&D investment priorities differ
among countries. In the United States, France, and
the United Kingdom, defense accounts for the largest
share of total governmental R&D. Japan invests heavi-
ly in energy-related R&D, and industrial development
accounts for the largest share of the West German
Government's R&D total. See p. 109.

R&D activities are becoming increasingly global.
In 1989, the overseas R&D investment by U.S. compa-
nies was equiva!ent to 9 percent of industry's domes-
tic R&D spending, compared to 6 percent in 1985. In
1988. foreign companies accounted for an amount
equivalent to 11 percent of all industrial R&D expendi-
tures in the Iinited States, compared to their 9-per-
cent share in 1985. See p. 110.
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Introduction

Chapter Focus
Previous chapters focused on the people involved in

science and technology (S&T) activities, including
research and (levelopment (R&D). This chapter presents
indicators of tlw financial resources devoted to the
Nation's R&D base and of the growing complexity of
inter- and intra-sector coolwrative R&D relationships
that have been forged during the past decade.

Despite their recent slowing, both public and private
sector R&D funding grew considerably during the eight-
ies. This growth is itself an indication of the heightened
importance assigned to the R&D enterprise. Indeed,
there is ample evidence that R&D is essential to tlw pro-
vision of public goods and services that benefit society as
a whole; for example, R&D contributes directly to
improvenwnts in national defense, public health, and
environmental quality. Several decades of study have
docuinented the furtlwr contribution of private R&D
inveshnent to productivity growth and industrial compel-
itiveiwss.' And, according to recent studies, even the
basic research umkrtaken in academic institutions pro-
motes industrial innovation and yields high economic
returns to sockty.'

Alongside this growing recognition of the importance
of R&D is an appreciation in recent years by public and
private sector supporters of R&D of the need to le-erage
their R&D funds. It has lwcome increasingly cle.o that
(1) R&D done in Federal or university labs can benefit
industry and, by so doing, enhance industrial competi-
tiveness at both the local and national levels: and (2)
Federal fostering of research coolwration within indus-
tryso that companies might better maintain their tech-
nological competitiwness domestically and abroad
also serves tlw goals of the Nation.

Chapter Organization
The first section of this chapter describes broad pat-

terns among R&D-funding and -performing sectorsthe
Federal Government, industry, academia, and nonprofit
institutions. A brief overview is provided of develop-
ments during the past :;(.1 years that have led to the pres-
ent R&D sOting. Also discussed k tlw character of these
activitiesthat is. wiwtlwr they are basic research,
applied research, or development.

The second section considers the Federal role more
closely. Tninsfert; of Federal funds to the various R&D-

'Results from numer(us economenic studies on R&I) nd productiv-
ity growth and related nicasumnent and theonhical issues are summa-
rked in tiveikansk (1989).

'See Adams (19 1) and Nlansfield ( 1991). 'Mese benefits an in addi-
tion to the more tfaditional offshoots associated with basic rcsearch,
including the education and training of future scientisk and em.finvers
and the pursuit of knowledge for it,: own sake.

I
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performing sectors are detaikql, with specific attention
given to the funding agencies, the fields of research
funded, and the various socioeconomic ohjectives
including both defense and nondefensesupported.
Data are provided on sev end Federal incentives that
were put in place during the eighties to foster R&D
growth indirectlyfor example, R&D tax credits and
cooperave R&D ;tgreeimmts. Additionally, for the first
time in the Indicators series, data are included regarding
Federal funding of R&D through the Small Business
Innovation Research Program.

The third section takes a state-kvel view of the U.S.
R&D base. Topics covered include the geographic distri-
bution of domestic R&D investment, the research inten-
sity of states economies, state programs for S&T-based
economic developimmt, and direct funding of R&D by
the states and within tlwir universitk.s.

The concluding section builds on tlw if.S. national and
Federal details by providing comparisons on similar
R&D topics among major industrialized countries.
Indicators include level of funding, sector funders and
performers, R&D/gross national product (GNP) intensi-
ties, and government R&D objectives. The globalization
of the Nation's R&D effort is also discussed.

National R&D Spending Patterns
The United States spent an estimated 2.7 percent of its

GNP on R&D activities in 1991. This investment in the
discovery of new knowledgeand in the application of
knowledge to the development of new and improved
products, processes, and servicestotaled an estimated
$152 billion.'

In this section, national R&D exiwnditure trends and
sector-specific R&D funding and performance patterns
are reviewed. Major turning points in R&D spending pat-
terns over the past 30 years are suggested. The discus-
sion concludes with a summary of 1991 R&D estimates.

Overview: 1960 to Present
The Nation's R&D expemlitures have mow than dou-

bled (in constant 1982 dollars) during tlw past three
decades, rising from about 844 billion in 1960 to an esti-
mated 8110 billion in 1991. (See figure 4-1.) Because this
growth has come in spurts, the history of U.S. R&D
funding consists of several distinct stages. The period
from 1960 to 1967 was marked by rapid growth in total
R&D spending: Inflation-adjusted increases averaged 5.7
percent per year. Tlw growth was sptirred, to a large
extent, by massive Federal investment in military and

Throughout this chapter, current funding. or expenditure data are
presented in noininal dollars. Trend data usually are deflated to 11,12
constant dollars using the (AI' imphrit price deflator and are so indi-
cated. (See appendix table 1-1.1 Then an exceptions to this clmice of
deflator: these exceptions are identified appropriately.

.)
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Figure 4-1.
National R&D funding, by source
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See appendix table 4-2.

space teehnoh)gy. 'Men, hn. nearly a decade, total R&D

growth failed to keep up with either inflation or econom-
ic Output as both business and governmentencounter-
ing an economic and p)litical environment that omld no
hmger justify tlw current rate of R&D expansionde-
emphasized funding for research programs. In particu-
lar, Federal R&D support for both defense and nonde-
fense activities declined sharply during this period.
Overall, real R&D fell 9 percent. dropping from 2.8 per-
cent of GNP ill 1967 to 2.2 percent in 1973.

A significant funding reversal occurred hdlowing the
dual energy and economic crises of the mid-1970s. From
1975 to 1985, U.S. R&D grew on average by 5.5 percent
annually, and the R&D/GNP ratio climbed to 2.8 per-
cent. Initially the research growth was directed toward
solutions to energy problems; major energy R&D pro-
grams were undertalum by both industry and govern-
ment. In the early eighties. however, the focus of the
national R&D effort shifted overwhelnfingly toward
defense-related activities.' In fact, more than 90 percent
of the rapid incl.( iise in Federal R&D support btqween
1980 and 1983 was attributable to dr,fense programs.

Sluggishness in the economy (including attendant
shortfall in profits, out of which business R&D normally

'Growth during tlii carly period is it continuation ol the rapid
increases in the Nation's nfilitary lI.i investincill that began in the
early tildes. Front 19):: tn 1%9. Ls. spending grcw on avil'agc
by 15 percent pct. year. The curliest year hn- which the Natinlial

reports la:I> expenditures is ?.9:i;;,
5(1 ' SkS 11990b) tor relevant statisCcs on energy and detcnse

spen(1ing.

Billions of constant 1982 dollars

120

100

80

60

40

20

0
1960 1965

. and is 50 percent higher atter adjusting for inttation

Total R&D

Industry

Federal

Other non-Federal..
rr-1r---rTT7T r

1970 1975 1980 1985 1990

Science & Engineering Indicators 1991

is funded) and budgetary constraints imposed on all gov-
ernment programs have since slowed R&D growth
nationwide. Even with the skyrocketing number of coop-
erative rdationships among the various R&D-performing
sectors of the economyrelationships generally estab-
lished in response to regional or international competi-
tiveness concernsR&D growth has fallen overall to a
1.2-percent average annual rate of increase during the
1985-91 period. Indeed, a slight decline in inflation-
adjusted R&D expendituresfueled particularly by a
reduction in defense R&D spending--is indicated from
estimates for 1990 and 1991 (SRS 1991e).

Funders, Performers, and Character of Work
R&D Funders. Considerable changes in the patterns

of R&D support and performance have accompanied the
30-year expansion of R&D investment chronicled aboe.
The most notable change concerns the 11 qative rodes of
the Federal Government and private industry in funding,
Or supporting, R&D. The Federal share of total national
R&D expenditures has fallen rather steadily. dropping
from 05 percent in 1900 to an estimated post-World War
II low of 44 percent in 1991. Indeed, since 1988, not only
has the Federal Government's relative share of the total
fallen, butafter adjusting for inflationso has its abso-
lute dollar contribution. (See appendix table 4-2 for back-
grmind data.) Also during the 1900-91 period, U.S. (inns
have increased their relative share of support for total

R&D activities from 33 to 51 percent. This increased
support includes both in-house R&D and funding of
R&D in other sectors. thiiversity and college support for
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Definitions

The National Science Foundation uses the following
definitions in its resource surveys.

Basic research: Basic research has as its objective
a fuller knowledge or understanding of the subject
under study, without specific applications in mind. In
industry, basic research is defined as research that
advances scientific knowledge but does not have spe-
cific commercial objectives, although such investiga-
tions may be in fields of present or potential interest to
the reporting company.

Applied research: Applied research is directed
toward gaining knowledge or understanding necessary
for determining the means by which a recognized and
specific need may be met. In industry, applied
research includes investigations directed to the discov-
ery of new scientific knowledge having specific com-
mercial objectives with respect to products, processes,
or services.

Development: Development is the systematic use
of the knowledge or understanding gained from
research directed toward the production of useful
materials, devices, systems, or methods, including
design and development of prototypes and processe,

Obligations: Obligations represent the amounts for
orders placed, contracts awarded, services received,
and simila transactions during a given period, regard-
less of when the funds were appropriated or when pay-
tnent is required.

Outlays: Government outlays represent the amounts
for checks issued and cash payments made during a
given period, regardless of when the funds were appro-
priated or obligated.

Budget authority: Budget authority is the authority
provided by Federal law to incur financia) tibligoions
that will result in outlays.

R&Dwhich includes state gowrnment support to this
sectorhas grown over the past three decades, rising
from 1 to 3 percent of the national total. Most of this
growth in academia's relative share has been in basic
research. (See appen(lix tabk 4-4.)

R&D Performers. In t(rms of R&I) performance pat-
terns, the changes have been less pronounced. In contrast
to its overall increased support for R&D, industry is esti-
mated to have performed a smalkT share of R&D in 1991
than in 1960: 72 versus 78 wrcent. Uniwrsities and col-
leges increased their share of R&D performance over the
sanw period, rising from 5 percent to 11 percent of the
national total. Particularly (luring the eighties, this growth
in R&I) performed on tlw Nation's campuses benefitted
from steadily rising industry-university partneNhips with
both Federal and state government funding. Federal in-
house R&D declined from 13 percent of the Nation's total
in 1960 to 11 percent in 1991; it has remained level at
approximately $12 billion iwr year (in inflation-adjusted
W82 (IollaN) since 1985. (See appendix table 4-2.)

Character of Work. Although the Nation's total in-
vestment in R&D has grown significantly, its relative
('mphasis by character of work (see "Definitions,"
above.) has remained ratlwr stable since 1970. (Sec fig-
ure 0-4 in Overview.) As a proportion of total R&D,

Devdopnwnt Ims fluctuated between 61 and (i6 percent:

Applied research, between 21 and 24 percent; and

Basic research, between 13 and 16 percent.

(See appendix tables 4-3, 4-4, 4-5. and 4-(i.)

1991 Spending Patterns
R&D Funders. Funds for R&D in tlw United States

canw mo:nly from two sources in 1991industry (at an
estimated 51 perc(nt of total) and the Federal Gov-
ernment (44 percent of total). Tlw remaining 5 iwrcent
came from universities and colleges, state and local gov-
ernments, and nonprofit institutions." (Sec figure 4-2.)

The most recent estimates of change from 1989 to
1991 show Federal support declining 3 percent (in con-
stant 1982 dollars), induMry support remaining rather
level, and support from otlwr non-FethTal sources climb-
ing 15 percent. (See appendix table 4-2.)

R&D Performers. At an estimated $ 08 billion in
1991, industry remained tlw largest performer of R&D in
the I Inited States: R&D performed by companies ($105.8
billion) and that performed by industry-administered fed-
erally funded research and dev(lopment centers
(FFRDCs) ($2.7 billion) accounted for 72 percent of the
national R&D effort. About onv-third of this conthined
industry and FFRDC performance total was financed by
tlw Federal Government (sec t('xt table 4-1), mostly by
tlw Departnwnt of Defense (DOM. Aerospace compa-
nies accounted for about one-fourth of industry's perfor-

-Current estimates tor state government in-house R&D are not avail-
able. In 1988, state labs' intramural perfonnance reactwd S0.5 billion.

An FFRI/C is an organization exclusively or substantially limmced
by the Feikral Government to meet a paticular requirement or to pro-
vide major facilities for research and associated training purposes.
Each enter is administered by an industrial firm. an individual univer-
sity, ;I university Consortia, or a nonprofit institution. Thy VI

FFRIK's receive the bulk of their funding from the
hvartment of I /etense and from tlw atomic energy defense programs

ot the Department 01 Energy.
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Figure 4-2.
National R&D expenditures: 1991
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mance total; compaLi.--, the clwmicals, communica-
tion equipnwnt. anti ,akor vehicles industries each
accounted for about 10 percent. (See appendix table 4-7,
which also reports estimates for industly-specific charac-
ter of work splits.)

The second largest IM1)-wrforming sector mnsists of
the Nation's universities and colleges, exclusive of uni-

industrial IM ogioulituivs continue I() he heavily concentrat-
ed in a small numlwr of firms. In 1989, four largest R&D-perform-
ing companies accounted for 22 percent of this selor's performance
total. liii WO largest accounted lor 70 perc('nt of total INSII 1991 and
SRS 1991d). Fifteen years earlier, the 1 largest companies accounted
tor 20 percent of total and the 100 largest ounhanies for 82 percent.

Other - 6%
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23°.
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16°.
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yersity-adnnistered FFRDC's." Federal funding account-
ed for an estimated 5(i percent of their R&D activities
(817 billion) in 11191; this was down from 68 percent in
1980. (See appendix table 4-2.) Academic institutions
themselves financed a larger proportion of their R&D-
14 percent in 1980 and an estimated 20 percent. in 1991.
hinds from industry to universities and mlleges also
increased over the period, rising from 4 to 7 percent of
the total R&D performed in these institutions. State and

"One hundred universities accounted tor about 82 percent of the
R&D pertOrmed 1),, this sector in 1989. Fifteen years earlier, the lop 100
accounted foi a similar 83-percent sharc of acad(mia's total IM I ) chlOrt.

Text table 4-1.
Estimated national R&D expenditures, by performirg sector and source of funds: 1991

R&D performers Total

Sources of R&D funds

Industry
Federal

Government

Universifies
and

colleges'

Other
nonprofit

institutions

Millions of dollars
Total 151,600 78,050 66,000 4,950 2,600

Industry 105,750 76,150 29,600
Industry-administered FFRDCs 2,700 2,700
Federal Government 16,400 16,400
Universities and colleges 17,200 1,250 9,650 4,950 1,350
University-administered FFRDCs' 4,850 4,850
Other nonprofit institutions 4,200 650 2,300 1,250
Nonprofit-administered FFRDCs1 500 500

Percent distribution, sources 100.0% 51.5% 43.5% 3.3% 1.7%

Percent
distribution,
performers

100.0

69.8
1.8

10.8
11.3
3.2
2.8
0.3

, unknown, but assumed to be negligible

'Includes an estimated $1.5 billion in state and local government funds provided to university and college performers.

Federally funded research and development centers (FFRDCs) conduct R&D almost exclusively foroe by the Federal Government. Expenditures for
FFRDCs therefore are included in Federal R&D support, although some non-Federal R&D support may be included in the totals.

See appendix table 4-2. Science & Engineering Indicators 1991
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local governments provided roughly 9 percent of the aca-
demic R&D total in 1991, slightly more than the 8-per-
cent share Ow sector held in 1980.

Federal in-house R&D performance reached an esti-
mated $16 billion in 1991, or 25 percent of all Federal
R&D expenditures ($66 billion). Of this Federal fund-
ing total,

49 percent funded industry an(l affiliate(l FFRI)Cs;

15 percent went to universities and colleges;

7 percent funded FFRI)Cs administered by universi-
ties; and

4 percent was for institutions in the nonprofit sector,
including FFRI)Cs administered by nonprofits.

(See text table 4-1 )

Character of Work. Development continues to ac-
count for the lion's share-61 percentof U.S. R&D
funds. An estimated 23 percent of the 1991 R&D total
was for applied research: the remaining 16 percent was
for basic research. Each of the sectors funds and per-
forms basic research, applied research, and development
to varying (I egrees. I)ifferent sectors, however, dominat('
in these R&I ) work categories:

93

In 1991, industry performed 86 percent and funded
58 percent of development. The Federal Government
funded almost all-41 percentOf the rest.

Industry performed 68 percent and funded 56 per-
cent of the applied research total.

The Federal Government funded 61 percent of all
basic research: 47 percent was performed by univer-
sities and colleges.

(See figure 4-3.)

Federal Support for R&D

Federal support for R&D is an important indicator of
government's overall commitment to maintaining the
Nation's S&T base and building its technological leader-
ship. Ilndoubtedly, the most important means of Federal
support for R&D is direct funding, ,,-hich is now ap-
proaching close to $70 billion annually. This support
includes funding for programs traditionally in the gov-
ernment purviewsuch as national defenseand for
activities for which the government and the private sec-
tor share responsibility; for example, promoting long-
term econonlic growth through small business research

Figure 4-3.
National R&D expenditures, funders, and perhdrmers, by character of work
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support.'" Other key mechanisms of Federal support
include the various tax and regulatory provisions that
were enacted during the eighties to eocourage greater
research spending and cooperation among economic
sectors. This scction presents an Overview of direct
Federal R&D suppoN, first by defining aspects and pat-
terns of that support--character of work, agency, per-
former, and science and engineering (S&E) fieldthen
by describing two specific R&D funding initiatives, an(l
summarizing Federal R&1) swnding objectives. The sec-
tion concludes with a discussion of indirect methods of
Federal R&D support.

Federal Obligations for R&D
Federal R&D funding patterns Over the past decade

ckarly reflect changing government investing priorities.
The following sections explore these patterns awl priori-
ties by providing summaiy information on Fedcral R&D
support by character of work, agency sponsor, category
of performer, and scientific field of research support."

Trends in Basic and Applied Research and Devel-
opment. From 1980 to 1991, (k.velopment obligations
(see "Definitions," p. 91) grew by about 40 percent (in
c)nstant dollars), mainly because of defense-related R&D
work, which is 90 percent development. Most of these
gains, however, occurred early in tlw decade; since 1987,
both development and defense spending have tapered
off, and even declined. (See ap)en(lix table 4-8.)

Over the same 1980191 period, basic (mostly non-
def('nse) research grew by more than 60 percent, with
most of tlw growth occurring since tlw mid-1980s. This
growth exemplifies the prevailing government view of
basic research as essential to the Nation's scientific,
technological, and socioeconomic future. In contrast,
Federal funding for applied research has been rather flat
since 1980, reflecting tlw Mministratiori's policy that pri-
vate industry can respond to nongovernmental market
needs better than can the Federal Government in mak-
ing civilian applied R&D investment decisions.''

Patterns of Federal Agency Support. In 1991, the
Federal GovOrnment obligated an estimated 868 billion
in support of R&D and related facilities. Although some
25 Federal agencies contributed to this total, 95 percent
of the 1991 Federal R&D support total was provided by
just Ii 'gencies, as follows:

Recent research lii. uncovetvil a complementary indirect r(lation-
ship l)etween government !MD funding mid private l.ink,
l'Ar/elnatt. an(l Leyden (1990) found that increases in !era! k&lt
contracts to lirms are positively related (in a causal s(nse) to increases
in industry's sell-linanced R,K.. I Furthermore, increas( in go%erit-
mew R&1) in imlustiy stimulate a greater sharing of linos technical
knowledge.

'See also ()TA (199 I) tor a revii-w of issues to Federal
research simpiirl.

For it discussion of recent Federal S&T policy, see 0:11B (1991).
Council of Economic Advisers I 1991 linti (fortlicontihg)'

Figure 4-4.
Federal R&D obligations, by selected agency
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1)01), 55 percent;

Department of Health and Human Services (HHS),
15 percent:

National Aeronautics and Space Administration
(NASA), 12 iwrcent;

Department of Energy (DOE), 9 percent;

National Science Foundation (NSF), 3 percent; and

Department of Agriculture (USDA), 2 percent.

(See appendix table 4-8.)
Since 1981, DOD has provided more R&D funds annu-

ally (for both in-house and external rem.arch) than all
other agencies combined. (See figure 4-4.) This domi-
nance in DOD's funding share peaked in 198(i at (i4 per-
cent of total and has since declined by about 10 percent-
age points.

1111Sand its National Institutes of Ilealth (N111) in
particularaccotints for the second largest, and grow-
ing, share of the Federal R&D funding total. IHIS is also
the source of roughly 40 percent of Federal basic
research funds disbursed nationwide, most of which are
slated for research in the life sciences. Between 198(i
and 1991, total R&D funding by 11115 grew 84 billion, or
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37 percent in constant dollars. A substantial amount of
this funding was for AIDS/HIV research.

NASA's recent R&D budget has also climbed signifi-
cantly. Like that of HHS, it was up $4 billionan esti-
mated 81 percentduring the W86-91 perio(1. One-third
of NASA's estimated 1991 R&I) budget is slated for the
controversial Space Station Freedom.

In contrast with ihe R&D growth for NASA and HHS,
DOE R&D programs have declined (after adjusting for
inflation); research fur.tling provided by NSF and USDA
has been relatively level since the mid-1980s.

In terms of agency support by character of work, 1)01)
emphasized programs in their development stage:
Relatively little 1)01) funding was provkled for basic or
applied research. Aggregate funding by all other Federal
agencies was more evenly distributed among the three
R&D categories (about 30 percent of total for each); these
agencies provided the remaining 10 percent of their total
R&D funds for R&D plant projects. (See figure 4-5.)

R&D Agency-Performer Patterns. Over the years,
one or two Federal funding agencies have come to pro-
vide the bulk of R&D support to each of the different
types of R&D performers. For example, total Federal
R&D obligations to FFRDCs are dominated by funding
from DOE and DOD; the largest shares of R&D funds
for academic and other nonprofit performers originate in
HHS. (See text table 4-2 and appendix table 4-10.)
Similarly, 1)01), NASA, and DOE sponsor applied
research within industrial firms and FFRI)Cs adminis-
tered by either universities, industry, or nonprofit institu-

Figure 4-5.
Federal obligations, by agency and type of activity: 1991

R&D plant
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Applied research

Basic research

See appendix table 48.
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lions. NIH, in contrast, expends the bulk of its applied
research and development funds at nonprofit institutes
and the research hospitals of 'the academic sector.

The largest recipient of basic research funds (in terms
of estimated 1991 total agency obligations) is universi-
ties and colleges (47 percent); this sector is primarily
funded by HUN (51 percent), NSF (24 percent), and
1)01) (9 percent). DOE, as in its support of applied
research and development, iA the largest provider of
basic research funds to FFRDCs under contract with uni-
versities. Federal obligations for basic researdi in pri-
vate firms are concentrated in the budgets of NASA and
1)01). Federal in-house work on basic research pro-
grams is distributed among at least six major agencies,
with the largest portions conducted at NIH and NASA
laboratories. Smaller portions are performed at the
Department of the Interior's Geological Survey and
USDA's Agricultural Research Service. (See appendix
table 4-9.)

Fields of Science and Engineering. Obligations for
the life sciences dominate the Federal basic research
support total. (See appendix table 4-12.) Such funding
has grown steadily since the early eighties. (See figure
4-6.) By 1991, it accounted for 45 percent ($5.6 billion) of
the Federal total ($12.3 billion). This growthespecially
in the biological sciencesreflects the mission interests
of NIH, the major funding agency for life sciences. DOE
provides most of its funding for basic research in the
physical sciences, which have also experienced steady
growth over the past decade and now account for a 24-

-------------------------------
Total R&D and R&D plant

($67.7 billion)

R&D plant

Development

Applied research

Basic research

Science & Engineering Indicators 1991
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Text table 4-2.
Estimated Federal R&D obligations, by agency and performing sector: FY 1991

Performer

Performer total
Federal

obligations
Primary

funding source
Secondary

funding source

Millions of dollars Percent Percent
Total R&D 66,107 DOD 56 HHS 13

Intramural laboratories 16,396 DOD 55 NASA 16

Industrial firms 31,512 DOD 80 NASA 14

Industry-administered FFRDCs 2,062 DOE 33 DOD 14

Universities and colleges 9,191 HHS 54 NSF 16

University-administered FFRDCs. 3,654 DOE 59 NASA 19

Other nonprofit institutions 2,302 HHS 62 NASA 10

Nonprofit-administered FFRDCs 482 DOD 65 DOE 29

Basic research 12255 HHS 40 NSF 15

Intramural laboratories 2,782 HHS 36 NASA 20

Industrial firms 1,043 NASA 57 DOD 19

Industry-administered FFRDCs 194 DOE 93 HHS 5

Universities and colleges 5,721 HHS 51 NSF 24

University-administered FFRDCs. 1,267 DOE 71 NASA 18

Other nonprofit institutions 1,077 HHS 69 DOE 13

Nonprofit-administered FFRDCs 68 DOE 90 DOD 6

Applied research 10,965 HHS 28 DOD 23

Intramural laboratories 4,084 DOD 25 NASA 20

Industrial firms 2,384 DOD 45 NASA 34

Industry-administered FFRDCs 311 DOE 77 DOD 8

Universities and colleges 2,635 HHS 62 DOD 10

University-administered FFRDCs . 596 DOE 61 NASA 26

Other nonprofit institutions 720 HHS 64 NASA 8

Nonprofit-administered FFRDCs 70 DOE 60 DOD 13

Development 42,888 DOD 78 NASA 11

Intramural laboratories 9,530 DOD 80 NASA 12

Industrial firms 28,084 DOD 86 NASA 10

Industry-administered FFRDCs 1,557 DOE 83 DOD 17

Universities and colleges 835 HHS 53 DOD 34

University-administered FFRDCs. 1,791 DOE 50 DOD 32

Other nonprofit institins 505 HHS 44 NASA 25

Nonprofit-administered FFRDCs 345 DOD 88 DOE 11

DOD = Department of Defense
DOE = Department of Energy
FFRDC = Federally funded research and development center
HHS = Department of Health and Human Services
NASA = National Aeronautics and Space Administration
NSF = National Science Foundation

See appendix table 4-10.

percent (3M billion) basic research share.
Tlw amounts obligated for applied research in Federal

agency 1991 budgets WM` about three-fourths as much
as estimated basic research obligations. Life sciences
again received the largest funding support (see appendix
table 4-13), and outstripped engineering in terms of rela-
tive shares: 35 percent versus 31 percent, respectively, in
1991. A decade ago, tlw funding slutres of these two
fiekk view reversed. This shift is explained not only by

Science & Engineering Indicators - 1991

growth in the life sciences but also by a decline in engi-
neering support (in constant 1982 dollaN: Since 1)80,
Federal applied research support for engineering has
fallen about 11 percent. Applied research funding for the
physical sciences also fdl in the 1980s, down approxi-
mately 30 percent since 1983.

An exception to tlwse downward trends in Federal
applied research support was the mathematics and com-
puter sciences field, which grew nearly 9 percent per
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Figure 4-6.
Federal obligations for research, by field
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year from 1980 to 1991. Indeed, llw largest rates of
Federal growth in both basic and applied research luml-
ing were for mathematics and compnter sciences, Total
research for this field more than doubled (after adjusting
for inflation) since 1980. Yet, however inmressive the
rate of funding growth. the /erd of support for this field
changed only marginally-mathematics and cmuputer
sciences rose from a 2-percent share of the 1980
research total to im estimated 3 percent in 1991.

97

Small Business R&D'3
Congress enacted the 1982 Small Business Innovation

Development Act (P.I.. 97-21)) with the intent of
strengthening the role of small innovative firms in feder-
ally supported R&D. Specifically, the statute created the
Small Business Innovation Research (SBIR) Program;
the Small Business Administration (SBA) 4Nas named as
its coordinator. 1. Inder this pmgram, when an agency's
external R&D obligations (that is, tlmse exclusive of in-
house R&D performance) exceed ti100 millkm, the agen-
cy must set aside 1.25 iwrcent of such obligations for
SBIR projects. Tlw SHIR Program encompasses the fol-
lowing three phases:

Phase 1. Phase I awards average ti50,000 and are
made to evaluate the scientific and technk.al merit
and feasibility of an idea.

Phase II. Phase I projects with the most potential
are funded to further develop the proposed i(ea f()1.
1. or 2 years. Most phase II awards are funded for
less than $500,000.

Phase III. Phase III is initiated when an innovation
is brought to market by private sector investment
and support. No SBIR funds may be used for phase
III activities.

Eleven Federal agencies participated in tlw SRI R
Program in 1989. (See appen(lix table 4-14.) From 1983
to 198), obligations for SBIR awards totaled more than
S1.8 billion; since 1985, they increased on average by
nmre than I() iwrcent (in constant (1 ollars) per year.
Awards in 1989 alone-$432 million-accounted for 0.7
percent of all government R&D obligations. More than
on(-half of total SW R obligations were disbursed by
I)01), mirroring this agency's share of the Federal R&D
funding total. (See figure 4-7.)

SBA classifies SLUR awards into various technology
areas. (See app(ndix table 4-15.) In 1989, the advanced
materials art.a received the largest share of phase I
awards, and information processing was tlw leading tech-
nology area for phase II awards. Roughly one-filth of all
SBIR awards made during the 1983-89 period wew com-
puter-related. and one-fifth involved ekctronics. One-sixth
of SBIR awards went to life science research; the bulk of
such funding was provided by WIS. Materials-related
research, which was funded largely by DOE and NSF.
accounted for another one-sixth of total SBIR awards."

This section deals with l'ederal (il research activities in
ii1alI husinesscs; much ol this inlormation is drawn Iron] the Office ol

Intiova!ion, Research, and Technology of the Small Business
,Adininistration ( P))O). See chapter 11. "Small Business awl High
Technology," Pp. 157-11in, for 1111'111(.1 discussion on the role ol small
businesses the entire WI' system.

"For a relative1,.; tavorable--assessinent 01 die
Program, see GAO (1)89a).
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Independent Research and Development''
The Independent Research and Development (1R&D)

Program enables industry to obtain Federal funding for
R&D conducted in anticipation of government defense
and space needs. Because it is initiated by privat('
contractoN themselves, HMI) is distinct from the R&D
performed under contract to government agencies for
specific pumoses. HMI) allows contractors to recover a
portion of their in-house R&D costs through overhead
paynwnts on Federal contracts on the same basis of
reimbursement as for general and administrative
expenses. All reimbursable IR&D projects must have
"potential ilitary relevance."

Briefly, the IR&D process is as follows: Contractors
develop an IR&D plan, begin work, and then submit
descriptions of all current and expecte(l HMI) projects
("IR&D costs incuiTe(I in figure 4-8). Subsequent transac-
tions with the government may have marginal effects on
these plans, but contractors proceed without awaiting gov-
ernment action. Following a DOD technical review of the
plan, an advance agreement on the "allowable ceiling" for
government reimbursement is negotiated as is the per-

'for a thorough discusskin of the in(k.pendent nsearch and (km.1-
opment processincluding an assessment of its benefits. costs, and
justiticationssee Winston (1985) and Alexander. Hill. and Rodilly
(1989). Material in this section is based largely on these reports.

Figure 4-7.

Federal R&D obligations for
Small Business Innovation Research awards

Millions of dollars
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See appendix table 4-14. Science & Engineering Indicators - 1991

Figure 4-8.
Independent research and development
(IR&D) costs and reimbursements

Billions of constant
1982 dollars

IR&D costs incurred

Accepted ceiling of
4

IR&D with "potential
military relevance"

3

Federal
reimbursement
of IR&D costs

0

1976 1978 1980 1982 1984 1986 1988

See appendix table 4-16. Science & Engineering Indicators - 1991

centage of the costs that the government will reimburse.'"
This "fair share" percentage is in recognition of the fact
that at least some dart of industry's HMI) would have been
undertaken solely or primarily kw commercial purposes.

In 1989, industrial firms were estimated to have
incurred $4.8 billion in IR&D costs, of which $3.8
were deemed to have potential military relevance. Tne
government reimbursed $2.3 billion, or 48 percent of the
IR&D total.'' This figure is up from the 37-percent
share$0.9 billionreimbursed in 1980; that is, at the
stail of the defense buildup early in the decade.

Both the amounts incurred and the amounts reim-
bursed have held rather steady since 1984: After adjust-
ing for inflation, however, these funds have declined con-
siderably. (See figure 4-8.) As an equivalent proportion

yNASA also reimburses soon. ) costs and closely follows 101)
procedures. During Ow 198(is, NASA reimbursements typically ran
less than 5 wrcent of those by )0Eor, mon precisely. its pre-
decessor agenciesused to reimburse lll I but dms not ;it present.

1The I R&D data reported lien are for only the lon Or so major
defense contractors whose aCCOUI115 are audited and reported by the
Dcfunse Contra('t Audit Agency d )(AA), in accordance with M-
il I. 'these compank.s did. however. account for apiwoximat('ly 97 per-
cent of all lMl): the remaining :1 percent was accounted for by some
1:;.(00 other defense contractors (Alexander, 11111. and Bodilly, 1989, cit
ing 1979 statistics). Vntortunately. 1989 may be the last year for which
IR& ) data are readily available. Thv fiscal var 1991 Appropriations Act
repealed the provisions that required 1)(AA to collect 'MI) data.
)CAA consequently no longer intends to compile these statistics.

1 1 2
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Figure 4-10.
Federal R&D funds, by budget function: 1992

Total R&D

Energy - 4%

General
science - 4%

Energy - 7%

Agriculture - 40/0

General
science 21%

Basic research

See appendix tables 4-17 and 4-18.
Science & Engineering Indicators - 1991

Federal funding component. Federal defense funding
comprises DOD spending from its research, develop-
ment, test, and evaluation (RDT&E) account; and DOE's
R&D for its atomic energy defense activities. As was pre-
viously mentioned, industry funds considerable IR&I)
that is only partially reimbursed by the government but
that nonetheless has potential military relevance. Adding
these IR&D costs that are either reimbursed as over-
head on defense contracts or not reimbursed at all
increases total defense R&D by 9 percent for 1989. '1

particular accounting ipproach is suggested by Carter (1989)
in achlressing the ri.vitalized pilicy-relevant issue of dual-use technolo-
gies: i.e , technologies with both military and civiliankommercial
applicatkms. In text tabh. DOIrs "technology base" consists (41111
basic and appliCd research expenditures (6.1 fundainental research
and 6.2 exploratory development monies in DOD's nomenclature).
The rest is what NSF calls "development," including hinds for dn .
soniI.what generic nonsystems "advanced technology developnient"
work (6,311 in the DOD vernacular). See also Branscomb ('1 989) for a
discussion of (lual-use technologies.

This figure is down slightly from the 10-percent IR&I)
share of defense total indicated for 1980. (See text
table 4-3.)

Health. As would be expected, non-Federal funding
for national nondefense objectives plays an even more
important role than does such funding for defense.
For example, non-Federal sources for health R&D-
primarily industry but also private nonprofit organiza-
tions such as the Howard Hughes Medical Institute-
grew considerably faster than did Federal health R&D
support during the eighties. (See figure 4-11.) Ac-
cording to NIH, public sector financing accounted for
roughly two-thirds of the total health-related R&D in
1980; of this, about 60 percent was funded by the
Federal sector, and the rest was funded by state and
local governments. These sector shares had held rather
steady since the mid-sixties. (See appendix tables 4-19
and 4-20.) By 1991, however, government's share of
the estimated $25 billion health R&D total had fallen
to just over one-half, with 42 percent of the total com-
ing from the Federal Government-mostly NIH-and
7 percent from the states and localities. This decline
in the Federal share was in spite of a 15-percent
increase in the constant dollar support level over the

Text table 4-3.
National defense-related R&D support

1980 1989

-Billions of dollars-
Defense-related R&D investments . . . . 16.2 43.9

Department of Defense RDT&E 13.4 37.5
Technology base 2.3 3.5
Advanced technology development . . 0.6 5.8
Strategic programs 2.2 6.4
Tactical programs 5,2 1-3.0

Intelligence and communications. . . . 1.2 4.5
Defense-wide mission support 1.9 4.2

Department of Energy defqnse R&D . . 1.1 2.6

IR&D with potential military relevance. . 1.7 3.8
Reimbursed ceiling 0.9 2.3
Unreimbursed ceiling 0.9 1.4

NOTES: Details may not sum to totals because of rounding. RDT&E =
research, development, test, and evaluation; lR&D = independent
research and development.

SOURCES: Science Resources Studies Division, National Science
Foundation, Federal R&D Funding by Budget Function, annual series
(Washington. DC: NSF): and Defense Contract Audit Agency,
Independent Research and Development and Bid and Proposal Cost
Incurred try Major Defense Contractors, annual series (Washington,
DC: DCAA).

Science & Engineering Indicators - 1991
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same 11-year period." Private sector support, led by the
R&D investments of drug and biotechnology companies,
grew by 125 percent between 1980 and 1989.

Food and Agriculture. As with health R&D, recent esti-
mates show considerable private sector support for agricul-
tural and food research; this support is, however, only one-
quarter the level of private health-rdated R&D spending.'"
Public R&D support for agriculture also is about one-fifth
that for health and is provided chiefly by USDA for in-house
research by its Agricultural Research Service and Eco-
nomic Research Service, and for extramural research by
its Cooperative State Research Service. This last agency
along with state governnwntscontributes to the 57 state
a, 'cultural experiment stations affiliated, for the most part,
with land-grant universities.

Spending on agriculture and food R&D was split rather
evenly between the public and private sectors in 1975,
with about $0.7 billion each. (See a)pendix table 4-20.)
Since then, public agricultural research has fallen slightly
to about 43 percent of the 1989 $5 billion national total;
industry research has climbed to 57 percent. 'Neither
source of support expanded very rapidly during the eight-
ies. Increases in public spending averaged only 1.6 per-
cent per year (in constant dollars) with the largest gains
slated for the state agricultural experiment stations;
industry support rose 2.5 percent annually. Industry's
R&D expenditures for 1989 consisted of 40 percent food
R&D and 60 iwrcent R&D on agricultural inputs, mostly
pesticides and farm machinery. R&D expenditures on
biotechnology in food and agriculture grew from almost
nothing in 1975 to an estimated $200 million in 1989a
percent of all agricultural input industries' R&D.

Indirect Federal Encouragement of R&D
hnprovenwnt in global competitivowss and national

economic welfare are central themes of current U.S. eco-
nomic policy. To help achieve these goals, several
Federal measures were put in place over the past
decade, including incentive mechanisms specifically
aimed at creating a more favorable environment for R&D

"Constant dollar estimates are based on the Bureau of Economic
Analysis/NIII biomedical research and development price index,
[sing the GNP deflator on these health R&D data results in a 35-per-
cent constant dollar increase in Federal support Over the 19M-91 peri-
od and in a 230-percent increase in combined industry and nontwolit
support. Since the index is designed to reflect price movements in
biomedical R&D, it pmbably measures real diang(s in health R&I)
expenditures better than does the GNP deflat(Jr (Holloway and Reel)
1)87). Pardey, (.'raig, and Hallaway (1989) similarly found reason to
prefer an hick( specific to the agricultural research system over the
GNP deflator. That price indev. is also used hew to deflate these food
and agriculture R&D data,

Actually, these figuresrecently made available by Dr. Carl Pray
at Rutgers Vniversityare ;Or R&D performance, rather than supplo1.
In aggregate terms, however, there is little difference in choice of mete
sures. since indusny uses about 95 permnt of its lood and tatriculture
R&I) funds for in-house activities aml contract work to private
research firms. Less than 1 percent of industry's in-house research is
publicly Innded (Pray and Nttunfeyer 1 99M.
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Figure 4-11.

Public and private R&D expenditures
for health and agriculture
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NOTE: Separate deflators were used for health and agriculture.

See appendix table 4-20. Science & Engineering Indicators 1991

investment and cooperative activities. Summary statistics
for three such nwchanisinsR&D tax credits, R&D con-
sortia, and Federal cooperative research and develop-
ment agreementsare presented in this section.''

R&D Tax Credits. Since 1981, the government has
attempted to stimulate corporate spending through tax
credits on incremental research and experimentation
(R&E) expenditures." The current tax credit is 20 per-
cent for the amount by which a company's qualified
R&D exceeds a certain threshold.'" The Tay. Reform Act
of 1986 allowed companies to claim a similar credit for
basic research grants, contributions, and contracts to
universities and other nonprofit institutions. Since 1986
both credits have lwen annually renewed and were in
place at least through the end of 1991.

"For a brie( overview of recent policy provisions related to high-
technokgy trade, see NSB (1989), pp. 1584).

'Not all k eligible for this credit, which is limited to expendi-
tures on laboratory or experim(ntal R&I).

-11te current base structur( for calculating a comptuty's qualified
IM1) spending is complex and was put in place by the 1989
Reconciliation Bill, Pl. 101-239. (See Siboni an(l McCook 1990.) With
varimis exceptions, a company's qualifying threshold is the product of
a fixed-base percentage multiplied by the average amount Of the com-
pany's gross mceipts for the 4 preceding years. The fixed-base per-
centage is the ratio of IMF expenses to gross receipts for the 1984.88
periml. See also a related analysis by Baily and Litwrence (199M.
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As part of the budget process, the Treasury Depart-
ment calculates the impact on Federal revenues of vari.
Otis preferential tax provisions, including the R&E tax
credit. These estimates, called "tax expenditures," are
calculated as the net difference between Federal rev-
enues that would be collected with and without the
preferential provision, given the otherwise current tax
structure. In particular, Treasury provides outlay-
equivalent figures for the R&E tax credit that are
directly comparable to R&D budget outlays. (See
"Definitions," p. 91.) These figures show that this indi-
rect means of Federal R&D support ranged between
roughly $1 and $3 billion annually over the past
decade, an amount equal to about 3 percent of direct
Federal R&D support. (See appendix table 4-21.)
Based on early data from the Internal Revenue
Service's Statistics of Income, companies taking the
greatest advantage of the credit primarily have been
large firms that produce scientific instruments, office
and computing machinery, chemicals, and electrical
equipment (see GAO 1989b and Cordes 1989).

R&D Consortia. Certain Federal provisions have
been set in place to help foster cooperative relation-
ships within the private sector. For example, thc
National Cooperative Research Act of 1984 (NCRA)
encourages research collaboration among industry
competitors by better defining joint research and
developnwnt ventures (JRVs) and protecting them
from antitrust suits." NCRA also requires a public dis-
closure of JRVs, which subsequently appears in the
Federal Register. Through April 1991, more than 200
filings of U.S. cooperative research ventures had been
registered under the act. Up to one-half of the filings
are for project-specificoften two-memberventures;
about one-fourth of the filings appear to be for industry
consortia conducting long-term R&D and/or for
research corporations with their own facilities.'''
Although the exact amount of R&D funded through
JRVs or industry consortia is unknown, anecdotal evi-
dence suggests that less than 2 percent of industrial
R&D involves interfirm collaboration.'9

Industry-Government Cooperative Agreements.
The rise in the number of private cooperative research
ventures has been accompanied by an increase in joint

NCRA stali's that RN's will not automatically In, considered ilh,gal
as anticompetitive. but that such consortia Will In judged atter weigh-
ing potential benfits mut costs. Further. NCIM limits potential liability
for .116' behavior that ultimately is ruled anticompetitive to adual costs
radwr than treble damages as is otherwise tin' norm, See Link and
Tassey (1989), Link and Batter (1989), and Wvbrc (199(l).

"-Any classification scheme for N(RA filings is 1)01111(1 to In, sonu,-
what subjective. I.ink and Bauer MOO prmided the frammork used
here. Comph,le filing information is available from the Office of
Technology Commercialization (1991).

-See Webre (1)901 and liellcon (Mt). In any (Tent, 1o)51 coopera-
tive arrangements apparently are hilormal. For example, I.ink and
!hailer 119891 estimate that up to 110 percent of all I ..S. industry cooper-
ative research arrangements in 1981 were informal partnerships.

industry-government cooperative research arrange-
ments. The Federal Technology Transfer Act (VITA) of
1986 (P.L. 99-502) was enacted to promote the transfer of
technology from Federal laboratories to state and local
governments and the private sector. Approximately one-
fourth of all Federal R&D funds support agencies' intra-
mural research activities."' The act requires agencies to
put the fruits of this R&D investment to commercial use.
Specifically, VITA authori-1.s government-owned and
-operated laboratories to enter into cooperative R&D
agreements (CRADAs) with private industry and to
agree in advance on the rights of Mushy and Federal
participants to resulting inventions,

The Federal Laboratory Consortium for Technology
Transfer provides a support system to help 11.S. firms
capitalize on this Federal resource. Although it has taken
several years for Federal agencies to make the necessary
administrative arrangements, many have now success-
fully negotiated CRADAs with industry pailicipants. (See
DOC 1989.) By the end of fiscal year 1990, nine Federal
agencies had entered into 868 cooperative agreements,
with the number of active CRADAs growing substantially
every year. USDA and MIS accounted for 85 percent of
this CRADA total (DOC 1991)." (See text table 4-4.) Data
on the dollar value of these CRADAs and other transfer
activity indicators are not currently available.

State-Based R&D Expenditures
Many studies suggest that a critical mass of research

is one of the fundamental requirements for high-tech
industries to locate and grow in a region. (See Malecki
1980,) Also, an apparent lesson of state competitions in
the eighties for major research institutions such as
DOD's Sematech (a consortium to develop manufactur-
ing technologies) and DOE's Superconducting Super
Collider was that those institutions usually locate where
major research and educational facilities are already
established (Osborne 1989).

This section presents summary material on the geo-
graphic distribution of the U.S. donwsfic R&D effort,
The analysis covers state R&D concentration levelsin

"Mese MI) expenditures include ;ulministrative costs of intraniu-
ral and externally perfornu(l MI) programs by Fe(leral personnel.

"NASA relies on the National Aeronautics and Space Act of 1958,
ratlu,r than ITIA, to guide its technology commercialization activities.
Thus. although it enters into cooperative R&D agreements, these do
nol fall timhT the terms of VITA. NASA estimat('s the number of its
agn,ements similar to CRAI)As as follows: 75 in 11187. 95 in NM, 127
in 1989. and 1.17 in MIR These c(loperativo, research activities an' not
reflected in the above figures.

Other agenciesnotably DOEperform much of their research
through government-owned and contractor-operated FITDCs. rather
than government.owned and -operated laboratories covered under
FTIA: (midi of this wsearch has commercial potenlial that is also not
reflected in the almve ligun,s. The National Competitiv('ness Act of
1989 extended CRAI)A provisions to government-owned and contrac-
tor-Operate(l 1:11?1)Cs, including those sponsored by IMF. As of July
1991, 1)1 )1. laboratories had entere(l into a total of 21 CRADAs and
were negotiating 11) more,
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Text table 4-4.
Number of active cooperative R&D agreements, by
agency

Agency 1987 1988 1989 1990

Total, all agencies 33 99 276 460

Agriculture 9 51 98 128

Commerce 0 9 44 82

Defense
Air Force 0 2 7 13

Army 2 9 32 80

Navy 0 0 2 20

Energy 0 0 0 1

Environmental Protection Agency. 0 0 2 11

Health and Human Services 22 28 89 110

Interior 0 0 1 12

Transportation 0 0 0 1

Veterans Affairs 0 0 1 2

NOTE: Not all cooperative agreeements are included under the provi-
sions of the Federal Technology Transfer Act. See text.

SOURCES: Data submitted to the Technology Administration
Department of Commerce, by Federal agencies that own or operate
laboratories.
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the aggregate and by sectorand indicators of the
research intensity of state economies. Also included is
information on recent trends in state government sup-
port for science and technology, including growth in the
number of state-slionsored SLVIs programs and in state
funding for R&D activities.

Distribution of R&D Funds by State"''

Top 10 States. Of the $140 billion spent on R&D in the
United States in 1989, almost one-half was spent in just
five states (California, New York, Michigan, New JeNey,
an(l Massachusetts). Moreover, more than two-thirds of
the national R&D effort was performed in 10 statesthe
preceding five along with Texas, Pennsylvania, Ohio,
Illinois, and Maryland.."' (See figure 4-12.) Performance of
R&D in California alone reached $31 billion (23 percent of
the U.S. total); R&D (.xpenditures ranged between $5 and
$10 billion in each of the other nine leading states. (See
apptm(lix table 4-22.) In contrast, tlw smallest 30 states
collectively accounted for $15 billion (roughly 10 p(rcent)
of the R&D conducted natio.nide in 1989.

This section presents informatiim on the taate hication of MI/ ;NI-
fOrIlled by industry, academia, and Federal agencies, and the federally
fumled R&D activities of institutions that 1fl Part 111 the nonprofit sec-
tor. (See appen(ix table .1-22.) Consistent data on the state distribution

non-Federid k& expendittin.s used by minprofit institutions are
not compiled. To account for differences in state sizes, these expendi-
ture data are normalized by estimates of the slates' economic activity.

in this section, percentage shares tuul relative rankings are based
on KW performance cxpenitures that could be distributed among
thi slate.4. Excluded from the 1 I() billion total are s2 billion of MI)
perforined in Washington. 1).C., and an undistributed comp( tent ot sr)

lliee appen(hix table 1-22.)
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Not coincithmtally. most of the states that are national
leadeN in total R&D performance also rank among the
leading sites of industrial and academic R&D perfor-
mance. (See appendix tabl( 4-23.) For exampk, of the 10
states that leci in total R&D,

All but 1 (Maryland) ranked among the top 10
industrial wrformers;

All but 2 (Ohio and New Jersey) ranked among the
top 10 ileadenlic performers;

All but 2 (Michigan and New Jersey) ranked aniong
the top 10 federally funded nonprofit performers;
LIldl

All but 3 (New York, Michigan, and Illinok) ranlwd
among the top 10 Federal intramural performers.

Furthermore, the 10 states that ranked highest in terms
of R&D performance totals in 1989 were similarly ranked
among the largest 10 in 1975.." "I'lw relative stability in
rewar(i] distfibution indicates that kading R&I) centeN are
not easily outconwted, especially over short time periods.

R&D Intensity of States. The absolute levels of R&I )
expenditureS noted above are indicators of the current
breadth and scope of S&T activities within states. To
some extent, they also indicate a state's potential for fur-
ther supporting such activities. Programs designed to
broaden states' R&D infrastructure are discussed below;
however, to make more meaningful comparisons
between states, indicators that normalize for the size of a
state's economy are also discussed.

The ratio Of R&D expenditures to GNP is used to gauge
a country's co mnfit nwn t to R&D and to measure the
change in this comnfitment over tinw. (For the United

'Flu (.xact ranking of these 10 did shift somewhat between 19Th
and 1989. See SkS (1989),

Figure 4-12.
Cumulative distribution of R&D performance,
by state: 1989

Billions of dollars
140

120

100

80

60

20

0

70%

49%

940.
89°b

96% 98°°
°

81%

100%

5 10 15 20 25 30 35 40 45 50
Number of states

See appendix table 4-22. Science & Engineering Indicators 1991



104 Chapter 4. Financial Resources for Research and Development

States, the R&D/GNP ratio was about 3 percent in 1989.)
Similarly, the ratio of in-state R&D performance to gross
state product (GSP) can be used to measure the R&I)
intensity of a state's economy."'" The largest R&D/GSP
ratios were achieved in New Mexico (10 percent) and Dela-
ware (6 percent). These two states were ranked 15th and
26th, respectively, in terms of total R&D performance. (See
text table 4-5 and appendix table 4-23.) On the other hand,
California and New York led the Nation in terms of total
R&D performance but were 6th and 18th, respectively, in
terms of their economies' R&D intensity-5 percent and 2
percent, respectively. The median R&D/GSP ratio was 1.5
percent in 1989: 25 states achieved a ratio higher than the
median, and the ratio in 25 states fell below this figure.

State S&T Programs'6
A key indicator of the level of growth in state support

for S&T is the existence of state government organiza-
tions established specifically for S&T development. The
following sections describe the burgeoning of state S&T
institutions and programs put in place during the eight-
ies to support regional S&T-based economic growth.

Overview.'" In recent years, most states have created
Of le or more programs designed to enhance their tech-
nological and competitive capacities.38 Although these
S&T initiatives are as varied as the settings in which
they have been launched, most seem to share three com-
mon goals: job creation, business development, and eco-
nomic diversification. According to the Department of
Commerce's clearinghouse (see footnote 37), by thc
middle of 1991 all states could identify a lead agency,
board, or commission responsible for the promotion of
S&T-based economic development pregrams. No fewer

'Alit. Bureau of Ectmomic Analysis has prepared GSP data through
1986 and is in tlw process of updating the data through 1989. GSP data
used here Wert. estimated based On annual state changes in employee
cmnpensation and proprietors' income. Sec Renshaw. Trott. and
Friedenberg 988)and appendix table 4-23.

"'SWF" is used here, ratlwr than R&D, to emphasize th broad
range of state activities in support of economic th.vdmmient based on
science and technology.

'Information presented in this section is taken from a new data bast'
developed by the Clearinghouse for State and Local Initiatives on
Productivity. Technology, and Innovation in the Departnwnt of
Ctminwrct.'s Office ttf the Assistant Secretary for 'fivlinology Policy of the
It.chnology Administration. 'Me Omnibus Trade and Comix.titivetwss
Act of 1988 sixTified cn.atitni of the clearinghouse to serve as "a central
repository of information on initiatives of State and local governments to
enhance the competitiveness of American business thmugh the stimula-
tbni of productivity, technology, and innovation awl Federal efforts to
asskt State and local governments to enhance compOitiveness."

The data base nun:tins informatbm on nmre than 100 different S& I.
program variables. The information contained lwre reflect data avail-
able as of August 1991. However, because programs are constantly
coming into. and going Out of, existerwe, accurate counts are difficult
and there art. bound to be a few errors of inclusion, interpretation. or
omission. Fon- anoth( r recent snapsht)t of state S&T programs, see
PlwIps and Brockman (1991),

'For a summary of states' historical involvement in StK,.1 programs,
see tiSli (1989). pp. 98-101. For a detailed analysis of trends in the
eighties, see Osborne (1988). Osborne (1(J89) provides a preliininary
assessment of various state S&T nwchanisms.

Text table 4-5.
State ranking of total R&D performance
and research intensity: 1989

Rank

Total
R&D

R&D/ Total
GSP ' R&D

R&D/
GSP '

1 California 6 15 New Mexico . . . . 1

2 New York 18 26 Delaware 2

3 Michigan 5 4 Massachusetts . 3
4 Massachusetts . 3 10 Maryland 4
5 New Jersey . . . 8 3 Michigan 5

6 Texas 23 1California 6
7 Pennsylvania . . 15 29 Idaho 7

8 Ohio 13 5 New Jersey 8

9 Illinois 20 12 Washington 9

10 Maryland 4 13 Connecticut 10

11 Florida 27 37 Vermont 11

12 Washington 9 14 Missouri 12

13 Connecticut 10 8 Ohio 13

14 Missouri 12 17 Minnesota 14

15 New Mexico . 1 7 Pennsylvania. . . 15

16 Virginia 24 20 Colorado 16

17 Minnesota . . 14 34 Rhode Island . . . 17

18 Indiana 21 2 New York 18

19 North Carolina . 29 27 Utah 19

20 Colorado 16 9 Illinois 20

' Research intensity is measured as the ratio of in-state R&D perfor-
mance to gross state product (GSP).

See appendix tables 4-22 and 4-23.
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than 40 of these entities were established during the
eighties; six states put such institutional arrangements in
place only within the past 2 years. (See appendix table
4-24.) Agency responsibilities vary enormously, ranging
from the simple provision of information and advisory
services to active participation in multimillion dollar
technology programs. Although some initiatives are
obviously much farther along than others, each general-
ly is designed to improve the state's economic environ-
ment by

Strengthenitig linkages among the state's financial,
academic, and business communities;

Promoting entrepreneurship; and

Upgrading the overall scientific and technological
base of the local economy by building on existing
regional strengths.'"

'This last wint is in stark contrast to the type of state mmomic
devlopment programs prevalent in the sixties and seventies. 'Hien,
states often pursued a "smokestack chasing' practice of luring compa-
nies away from one state to relocatt to another. Most S&T-based pro-
grams are concerned more vvith creating new businesst;spinoll
companiesor modernizing existing in-state industries.
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States have adopted several experimental approaches
in fostering technology-driven development. Summary
data on four of the more pervasive approaches are pro-
vided here. (See appendix table 4-24.) Two of these
mechanismsresearch grants and research centersusu-
ally require heavy university participation; the other
twoR&D tax credits and business startup support
affect only the industrial sector.1° Although some states
concentrate on the industrial sector and others focus on
university-based research, most initiatives have a mixed
university-industry orientation. States in the Northeast
and Midwestwhich were among the first states to initi-
ate S&T programs in response to the downturn in their
manufacturing sectors during the late seventies and
eightiesgenerally seem to use a larger variety of S&T
mechanisms than do other states. Five statesArkan-
sas, Indiana, Iowa, Kansas, and North Carolinacontin-
ue to use each of the four named development tools.4'
(See figure 4-13.)

Research Grants and Centers. An important com-
ponent of most state technology development strategies
is research grants. At least 36 states use this mechanism
for promoting local growth. Research grants usually

Are made to universities based on joint proposals
from a university and a private sector sponsor,

Are intended to strengthen the applied rather than
basic research base,s2 and

Require matching funds from the private sector.

This last requirement ensures that state dollars are
leveraged with outside funding and provides some assur-
ance that the proposed research has commercial potential.

Although research grants are distributed through vail-

"Hie programs covered here are not the only ones that statt.s use to
spur tedinological development. Other popular approaches include
establishment of research parksto encourage planned clustering of
technology companies and foster university-private sector partner-
shipsand in cu bat or facilities providing start u p com pan les with
below-market rates for office and lab space as wdl as shared clerical
and computer services. A number of states ako work with local
Federal laboratories to assist small and medium-sized manufacturers
to commerdalize Federal technologies. Passage of FTFA in 198fi
en cot( raged this development. (St' e "1 n du st ry-Govern ment
Cooperative Agreements." p. 102.)

"Ilp until recently. Minnesota and Massachusetts also used all four
MI devices covered in this section. Minnesota dkc(mtinued its indus.
try grant program in 1991 and nierged two of its leading S&T institu-
tiowi into a singk entity. Massachusetts' S&T efforts underwent major
restructuring (luring 1991. including Ilw privatization of its six previ-
ously quasi-public Centers of Excellence. However, the state has
ellabkd ttw creation of successor entities designed to continue tlw
mission of S&T promotion. The newly fonfied Biotechnology Center of
Excellence Corp9ration and the Massachusetts Foundation for
Exedkiice in Marine and Polymer Sciences began operations in July
1991 and are stimulating S&T-based (Tonomic development in their
areas of inWrest. In redefining the state role as one of facilitation.
ratinT than program operati(m. tlw state legislature allocated no future
hinds for continued direct investment in iiiany S&T programs that pre-
viously received state support (Phelps and Brockman P))1).

'That is, support of innovation and tedinol(igy transfer for local (.co-
mimic devehipment is the Objective. and not the support of research
for its Own sake.
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ous means, by far the bulk of the money flows through
state-initiated research or technology centers. Such "cen-
ters of excellence" have been established in 27 states and
usually are located at universitiesor at least affiliated
with them. The centers generally concentrate on a specif-
ic field of research, drawing heavily on the strengths of an
associated university and/or major industries in the state.

Tax Credits and Startup Support. Often patterned
after the Federal RE tax credit (see "R&D Tax Credits,"
pp. 101-02), many states have designed their own tax
incentives to encourage industry's in-state R&D invest-
ment Provisions for R&D tax credits and/or exemptions
are ( n the books in at least 20 states.

Many states also provide considerable S&T support
for industry's post-R&D activities. In fact, no fewer than
31 states have given some kind of financial support for
business startup programs, including either one-time
capitalization or ongoing funding and oversight. Six
states have seed capital programs to assist companies
trying to develop a marketable product. Seven states
have venture capital programs to assist developing com-
panies that have established business plans and com-
mercially feasible projects. Eighteen states have both.

State Funding of R&D
Growth in state R&D funding is a direct indicator of a

state's commitment to the building of its S&T base. It is
also an indicator of expanding inter-sector research link-
ages. given the university-industry cooperative require-
ments increasingly associated with state funding. Two
different data sources using different methodologies
show growth in state support of R&D.'" And, although
state funding is not necessarily the causal factor, these
data also show increasing support by industry for R&D
performed on the Nation's campusesan aim of many
states' S&T policies.

Funds for Academic R&D by State Universities
reported about $1.2 billion of support for R&D from state
and local government sources in 1989, an amount equiva-
lent to 8 percent of total R&D performed by the academic
sector. (See appendix table 4-22.) Broken out by state,
these same data reflect differing state resource patterns
and show the effects of different institutional mixes in indi-
vidual states.

Ten states accounted for over 50 percent of total national
academic R&D expenditures from state and local sources.
Texas alone, with a strong tradition of direct state govern-
ment funding of institutional activities, accounted for the

'The two NSF data siairces are the annual Survey of Scientific and
Engineering F.xpenditures at Ilniversities and Colleges and the occa.
sional Survey of State Government Research and Development.

"'nese data show only state and local gowniment sources of funds
that are separately budgeted for specific projects. General university
mnds used fin- academie R&D purposes are not included here. These
data do not include R&D performed by university-administered
FERDCs.



106 Chapter 4. Financial Resources for Research and Development

Figure 4-13.
State promotion of S&T-based economic development

NOTE: Data are as of August 1991.

See appendix table 4-24.

largest share-10 percentof nationwide non-Federal
governments' R&D support to universities. These sources
in Texas provided 12 percent (8124 million) of the funding
for the state's total academic R&D. By comparison, univer-
sities in Californiawhose total R&D expenditure was the
largest nationwide and nearly twice that of Texas in 1989
received 3.6 percent (843 million) of its funding from state
and local sources. This smaller proportion reflects (1) a
large Federal funding share and (2) the presence of major
private research universities that were less likely to receive
state funding for R&D. (Nationally, private universities
received only 2.4 lwrcent of their R&D funding from state
and hical governments, compared to an 11.3-percent share

-411ffilk.
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at public universities.)
As a percentage of a slate's academic R&D total, the

state and local government share is relatively most
important to universities in Smith Dakotawhose total
R&D expenditure in 1989 was the smallest in the
Nationwhere it provided almost 40 percent of funds.
Indeed, in many states whew the academic R&D expen-
diture total was comparatively small, state wivernment
provided a relatively large proportion of the funding
total. (See text table 4-(i.)

Insofar as state S&T policy objectives include encour-
agement of university-industry interactions, industry sup-
port of university R&D may serve as one indicator of the
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success of those policies.'' For all states combined, imlus-
trial sources of support for academic R&D haw grown
faster than all other Mnirces of support, increasing 179
percent in constant dollars from 1980 to 1989. Support
from other sources was up 60 percent. (See appendix
table 4-2.) As a percentage of tlw Nation's total academic
R&D effort, industry sources of support increased from 4
to 7 prcent. time states obtain a notably larger than 7-
percent share of their academic R&D from industrial
sourcs. This point is startlingly true of states in which
university R&D performance is rather snmll. L-r exam-
ple, total R&D activities on the campuses of Maine-$20
million-ranked that state 49th nationwide in 1989; yet
industry provided a Nation-leading 20-percent share of
total. (See text table 4-6.) Indeed, of the eight states that
received the proportionately largest shares (10 perc(nt or
more) of their academic R&D funding from industry,
six-Maine, Idaho, Nevada, Delaware, West Virginia, and

SVC FelIVI. 1990) and Ilerinan 11990) for comrasfing Views on flu.
role of universities in industrial development activities.

Text table 4-6.
States where non-Federal government and industry
comprise the largest shares of academic R&D
funding: 1989

Support for academic R&D

Rank. Non-Federal
total government
academic share
R&D (percent)

Rank,
Industry total
share academic

Rank (percent) R&D

U.S. average 8.2 6.6 U.S. average

51 South Dakota . . 39.4 1 20.0 Maine 50

38 Hawaii 35.0 2 12.7 Idaho 46

41 Arkansas 27.9 3 12.1 New Mexico . 29

37 Mississippi. . . . 27.3 4 12.0 Pennsylvania 6

34 Nebraska 24.5 5 12.0 Nevada 45

46 Idaho 24.4 6 11.0 Delaware . . . . 44

47 Montana 24.4 7 10.1 West Virginia 43

26 Louisiana 24.0 8 10.0 Montana . . . . 47

33 Kansas 22.4 9 9.9 Missouri 19

17 Virginia 19.0 10 9.7 North Carolina. 9

18 Minnesota . . . . 16.4 11 9.7 Nebraska . . . . 34

13 Wisconsin . . . . 16.4 12 9.4 Arkansas . . . . 41

15 New Jersey . . . 15.9 13 9.1 North Dakota . 48

23 Tennessee. . . . 15.1 14 9.1 Massachusetts 5

30 South Carolina . 14.5 15 8.9 Kentucky . . . . 35

9 North Carolina . 14.4 16 8.5 Georgia 10

28 Oregon 12.9 17 8.4 Virginia 17

3 Texas 12.3 18 8.2 Vermont 42

24 Iowa 11.9 19 8.1 Indiana 20

11 Ohio 11.8 20 7.9 Rhode Island . 36

See appendix table 4-22. Science & Engineering Indicators - 1991
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Montana-ranked among the smallest nine states in
terms of total academic R&D performance kvels.

State Agency R&D Expenditures. Although tlw
most recently available NSF data on state agencies R&D
support are for 1988, their inclusion here provides for a
mon' comprOwnsive owrview of state R&D involvenwnt.
(See appendix table 4-25.) These data are only for state
government expenditures that flow through state agency
budgets; they tlwrefore txclude, for txampk, all other
funding for R&D activitk..s by uniwrsities and colkges-
including direct appropriations from state legislatures.

Like the academic data reported above, total state
agency expenditures for R&D from state sources of funds
have increased overall, doubling between 1977 and 1988
to about S630 million (in constant dollars). Neverthdess,
these expenditures still accounted for only 1 p,.Tcent of
the national R&D funding total. State agency support for
R&D facilities rose dramatically, resulting in a more than
tenfold inflation-adjusted increase to Oi() million Some
states, however, reported declines in real dollars. Care
should be taken in using these data, because states differ
considerably in their reliance on state agencies to dis-
burse R&D funds. Some states appropriate most funds
directly to institutions tlwmsdws, and this source of sup-
port for R&D is not refkcted in these data.

International Comparisons
Con marisons of S&T activities iwtween the United

States and other major industrialized nations provkle an
indication of the strength of each countries' overall S&T
endeavors. Tlw success of these endeavors depends in
part on the adequacy of financial R&D inputs; comparisons
of international R&D spending patterns are provided in
this section."' Performer and smirce expenditure pattems
are contrasted, trend data reviewed, and siwnding by
socioeconomic objective summarized. Tlw sTtion closes
by placing the U.S. industry R&D effort in a global context.

R&D Funding by Source and Performer
The United States spent more money on R&D activi-

ties in 1989 than did any other countly; in fact, it spent
m ore than tlw next four largest performers-Japan,
West Germany, France, and the Unite(l Kingdom-com-
bined.'. ;See apiwndix table 4-26,) By sector, national
governments and industry dominated as a iwrcentage of
each countly's respective R&D funding and performance

data for the inajm industriafized countries are obtained from
reports to the Organisation for Economic Cooperation and
h'vdninilein (OE(I)). FCW ) data are systematically collected tor

developing CNESCO reports such estimates where they
exist. Although there is a lairly high degree ()I consistency in the MI)
data i'vpnit'd by OECD. data for countri s wporting l'NESCO ut
less comparable-principally because of differences ill natiolud statisti-
cal collection capabilities and definitions. For a summary of the
l'NFSCO an(l ( ) EC I ) daia. tiNs (1)91c).

I )ata tor ierniany tit Iui IVeS1 Germany alom.. It& expeinlitures
in the former East (;erinatlY are not included.
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totals. Shares for these sectors, however, differed sub-
stantially from one country to the next. Although govern-
ment was the source of 45 to 50 percent of R&D funds in
the United States and France, it provided somewhat less
in the United Kingdom (37 iwrcent) and West Germany
(33 percent), and considerably less in Japan (19 per-
cent). (See figure 4-14.) Since 1975, government funding
shares in all five countries declined, dropping most
sharply in the United Kingdom (15 percentage points)
and West Germany (14 percentage points). With the
exception of France, industry provided more than half of
the R&D funds in each of these countries in 1989. It pro-
vided 72 percent ofJapan's R&D total.

Industry was the largest R&D performer in each of the
five countries, with shares ranging from 60 percent in
France to 72 percent in both the United States and West
Germany. The industry R&D performance share grew
most rapidly in Japanfrom 57 percent of total in 1975 to
./,) percent in 1989.'8 (See appendix table 4-28.) Govern-
nwnt as an R&D performer was relatively smallest in
Japan and the United States, accounting for 8 and 11 per-
cent, respectively, of each country's R&D total. Govern-
ment's R&D performanceincluding that in several non-
privatized industriesaccounted for about one-fourth of
France's R&D effort.

The United States and Japan devoted about the sanw
proportion of their investments to basic research: 14
percent and 13 percent, respectively, in 1988. (See
appendix table 4-29.) In dollar terms, the 11.S. basic
research investment ($15 billion) was three tinws that

1)etailed and more extensiv( data can be found in SRS (1!)91c).

Figure 4-14.
International R&D funds,
by performer and source: 1989

Billions of U.S.
1982 dollars
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of Japan ($5 billion). West Germany spent 19 percent of
its total R&D an basic research ($4 billion), compared
to 23 percent for France ($3 billion)."'

R&D Funding as a Percentage of GNP
Total R&D. R&D expenditures as a percentage of

GNP have become one of the most widely used indica,
tors of a country's commitment to scientific knowledge
growth and technology development. The industrialized
nations of France, West Germany, Japan, Sweden, the
United Kingdom, and the United States each maintained
an R&D/GNP ratio of between 2 and 3 percent through-
out the eighties, (In Italy,, this ratio rested near 1 per-
cent.) Geiwrally, the R&D/GNP ratio increased annually
in these countries, although the rate of change varied
somewhat. The approximate 2.7-percent R&D/GNP ratio
of the United States in 1989 was about half a percentage
point higher than its 1980 ratio. (See figure 0-2 in Over-
view and appendix table 4-26.) Even with this growth, the
U.S. R&D/GNP ratio did not keep pace with the sanw
indicator in Japan and West Germany, whose ratios were
2.9 and 3.0 percent, respectively. And, in spite of a recent
decline in its R&D/GNP ratio. Sweden also invested a
slightly larger GNP share on R&D (2.8 percent in 1989)
than did the 11nited States. In dollar terms, however,
Sweden's R&D expenditures were only 3 percent of those
in the United States.

Nondefense R&D. Differences in R&D emphases
among these countries become clearer when the data
are disaggregated. Nondefense R&D expenditures as a
percentage of GNP in both Japan (3.0 percent) and West
Gernmny (2.8 percent) considerably exceeded those of
the United States (1.9 percent); they have done so for
more than two decades. (See figure 0-2 in Overview and
appendix table 4-27.) The nondefense R&D ratios of
France (1.8 perc(nt) and the United Kingdom (1.6 per-
cent) were only slightly below that of the Ilnited States.

In absolute dollar terms, the 11.5. international position
was markedly different from that indicated by the non-
defense R&D/GNP ratios. Between 1972 and 1989, only
Japan and Italy had increased nondefense R&D spending
(up 207 and 97 percent, respectively, in constant dollars)
at a faster rate than had the 11nited States (up 88 per-
cent).'' The result is that as a percentage of the 11.S. non-
defense R&D total. comprable Japanese spending
jumped from 35 percent in 1972 to 58 percent in 1989.
(See figure 4-15.) Japanese nondefense R&D reached $46
billion in 1989, compared with the $79 billion U.S. non-
defense R&D total. Italy's nondefense R&D grew from an
amount equivalent to 8 percent of the U.S. nondefense
R&D total in 1972 to 10 percent ($8 billion) in 1989. West

'Comparable data for the l'oited kingdom re extremely outdated.
The most recent figure 11981) indicates, however. dull the basic
research share was 13 percent.

'SVC appendix table 4-26 for details On conversion of natiomd cur-
rencies to dollaN.
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Germany spent an amount equal to about 26 percent of
U.S. spending on nondefense R&D in both years ($21 bil-
lion in 1989), while France annually spent an amount
equivalent to about 15 percent of the U.S. total ($12 bil-
lion in 1989). United Kingdom nom-Wens(' R&D spend-
ing fell by 3 percentage points relative to that of the
United States, dropping to 13 percent or $10 billion.

R&D by Socioeconomic Objective'
Countries' relative shares of government R&D appro-

priations (excluding general university funds-GM
reflect marked differences in national priorities. In the
United States, 66 percent of total 1989 Federal invest-
ment in R&D was devoted to national defense, compared
to 55 percent in the United Kingdom, 42 percent in
France, 19 percent in West Germany, and 9 percent in
Japan." (See text table 4-7.) The U.S. Government also
emphasizes health-related R&D (13 pei cent of total); this
emphasis was especially notable in its R&D support
given to academic and similar institutions/'"

Energy-related activities accounted for 39 percent of
Japanese Government R&D appropriations in 1989,
reflecting the country's concern with its high dependence
on foreign sources of energy. Tlw Government of West
(kTmany invested considerably in R&D related to indus-
trial development and the advancement of research (each
about one-fifth of the government total) as did France
with 15 and 18 percent, respectively, of its 1989 R&D
total. In the United Kingdom, R&D funding for industrial
development-at 10 percent of total-trailed only defense
in percentage share Industrial development accounted
for 8 percent of the Japanese total, but just 0.2 percent of
the government R&D funding total in the United States.
The latter figure-which may be understated relative to
other countries as a result of compilation difkrences-
nonetheless reflects longstanding U.S. policy to rely on
private sector investment decisions in this area.

°Data on Ote SOCitnItultolnkt objt.ctivts of R&D funding an, rarely
obtained by sptcial surreys. 'Hwy gtnemlly are extracted in some way
front national budgtis whidi already have tht.ir own methodology and
terminology, and thus are subject to comparability constraints not
phiced on other types of international R&D data sets. Notably.
although each country adheres to the sante criteria for distributing
their R&D by objective (as outline(i in OF.CI) 1981), the actual classifi-
cation may differ mnong countries because of differences in the prima-
ty objective of the various funding agents. Note also that these data an.
of gtwernment R&D funds only, whiclt accf mitt for widely divergent
shares and absolute amounts of ('ach country's R&I ) total.

shares presenttd here and in text table 4-7 are adjusted to
exclude w.neral university funds which are reported st.parately for Japfut
and European countries. For example, GI accounted for 18 is'rcent of
the government-funded R&D total in the United Kingdone I Inadjusted
for caw, its defense share was 46 percent in 1989. The l!nited States
does not haw. an equivalent GUI: catt%ory: Funds to the university sec-
tor are distributed among the objectives of the Federal agencies that
provide the R&D funds. (See appendix table ',at for further d('tails.)

'Tor detailed comparisons of academic and academically related
research, including GUI' estimates, in the United States, l'nited
Kingdom, The Netherlands, Franev. West Cermany. and Japan, see
Irvine, Martin. mud Isard (1990) nd tit-4i (1989), pp. 98-99.
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Figure 4-15.
Nondefense R&D: foreign spending
as a percentage of U.S. spending
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Text table 4-7.
Government R&D support,
by socioeconomic objective: 1989

United West United
States Japan Germany France Kingdom

Percent
Total 100,0 100.0 100.0 100.0 100.0

Defense 65.5 9.0 19.0 41.9 55.2
Civil space 7.3 11.1 8.5 8.7 3.8
Advancement of

research 3.8 13.8 20.7 17.5 5.8
Health 12.9 4.8 5.2 3,7 6.2
Industrial

development 0.2 8.1 19.0 15.0 10.3

Energy 3.9 39,2 9.5 4.0 4.0
Agriculture, forestry,

and fishing 1.9 6.5 3.1 4.6 5.5

Other 4.5 7.6 14.9 4.5 9.2

NOTE: Data were adjusted to exclude general university funds for
Japan (43 percent of the government-funded R&D total), West
Germany (33 percent), France (12 percent), and the Uniied Kingdom

(18 percent). See text.

See appendix table 4-30, Science & Engineering Indicators - 1991
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Globalization of R&D
R&D investing has become increasingly global since

roughly the mid-seventies. Stiff international competi-
tion in research-intensive, or high-teclumlogy, products
has necessitated many firms' expansion into foreign
markets. (See chapter 6, "The (dobal Market,"
p. 136.) As a factor in this global market shift, growing
development costs and shortening product life cycles
have compelled corporate managers to expand over-
seas research activities so as to tailor products for the
specific needs of foreign customers. Thus, much of the
R&D undertaken abroad is meant not to displace
domestic R&D, but rather to support overseas business
growthH

Growth in R&D funds moving both into and out of
the United States has been quite strong for the past
decade or so. On average, U.S. overseas R&D invest-
ments grew by 5.3 percent per year between 1977 and
1989 (in constant dollars). This rate was slightly below
that for growth in total U.S. industry R&D funding-5.7
percent annually. And since 1985, the overseas R&D
component has grown at six times the rate of industry's
domestic funding (11.9 versus 2.1 percent per year):
R&D abroad is now equivalent to 9 percent of indus-
try's onshore R&D expenditures. (See figure 4-1(1.) U.S
companies and their foreign subsidiaries in the motor
vehicles, machinery (including computers), and drug
industries account for the largest shares of this foreign-
based R&D activity. Together, they comprised 58 per-
cent of the 1989 overseas performance total. (See
appendix table 4-31.) Time series data are not available
on which countries receive this U.S. R&D investment:6

About $6.3 billion was spent on R&D abroad by U.S.
companies in 1988. Foreign companies spent about 17
percent more ($7.4 billion) on R&D in the United
States. From 1977 to 1988, growth in this foreign-
sourced R&D investment averaged 14 percent per year,
or more than twice the rate of growth in domestic R&D
activities by U.S. companies, As a result, foreign R&D
was equivalent to 11 percent of all industry's R&D fund-
ing in the United States in 1988, up from its equivalent
5-percent share in 1977. (See figure 4-16.) Foreign fund-
ing came primarily from Carada, West Germany, and
the United Kingdom; although the R&D flows from
other European countries and Japan also increased
steadily over the past decade. Foreign-funded research
was concentrated in the industrial chemicals, drugs.

1Companies consider a myriad of factors before undertaking R&D
overseas: Nlarket access and accommodation of hwal requirenwnis arc
but two of them. Tax and regulatory pidicies. as well a. the availability
of trained researclwrs and access to la'w scientific and technological
developments in other cinintries. also influence R&D location deci-
sions. See NSII (forthcoming) and llowells (199)a and 1940b).

Sec, however, Bloom and kubinger (1991) for information on l%S.
firms in%,estnamt in R&D facilities in Japan.

Figure 4-16.
Foreign and U.S. overseas R&D
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and eleitrical equipment industries.'" (See appendix
table 4-32.)

-_--_-__

"nu. foreign I<& ) data reported here come from an annual survey
of Foreign Direct investment in the United States conducted by the
Bureau of Economic Analysis. the Bureau reports that the foreign
MD totals are comparable to thP r.S. MD business data publislwd
by NSF. lndustry-specific comparisons, however. are limited because
ot differences between the two surveys in industry classifications. ;See
Quijano 199(t.)

121



Science & Engineering Indicators 1991

References

AdamsI. 1990. "Fundamental Stocks of Knowledge and
Productivity Growth." Journal of Political Economy
Vol. 98, No. 4 (August): 673-702.

Alexander, A.J., P.T. Hill, and S.J. Bodilly. 1989. The
Defense Department's Support of Industry's Independent
Research and Development: Analyses and Evaluation.
R-3649-ACQ. Santa Monica, CA: RANI) Corporation.

Baily, M.N., and R.Z. Lawrence. 1990. "The Incentive
Effects of the New R&E Tax Credit." Study sponsored
by the Council on Research and Technology, unpub-
lished. Washington, DC.

Battelle Memorial Institute. 1990. Probable Levels of R&D
Expenditures in 1991. Columbus, OH.

Bell Conummications Research (Bellcore). 1990. U.S.
Cooperative Research and Development. SR-ARH-
001792. Re(l Bank, NJ.

Berman, E.M. 1990. "The Economic Impact of Industry-
Funded University R&D." Research Policy 19: 349-55.

Bloom, J., and I). Rubinger. 1991. Survey of Direct U.S.
Private Capital Investment in Research and Development
Facilities in Japan. NSF 91-312. Washington, DC:
National Sdence Foundation.

Branscomb, L.M. 1989. Dual-Use Mchnology: Optimizing
Economic Security Interests Through National Tech-
nology Policy. Science, Technology and Public Policy
Program Discussion Paper 89-08. Cambridge, MA:
Harvard University.

Carter, A. 1989. "Spin-Offs and Spin-Ons: The
Relationship Between Civilian and Military R&D and
Its Implications for National Security." In Pchnology
Advances & the Arms Control Agenda (proceedings of
the Fourth Annual American Association for the
Advancement of Science Colloquium on Science,
Arms Control, and National Security), edited by E.H.
Arnett, E.J. Kirk, and W.T. Wander. Washington, DC:
AAAS.

Cordes, J.J. 1989. '''Fax Incentives and R&D Spending: A
Review of the Evidence." Research Policy 18: 119-33.

Council of Economic Advisers. 1991. Economic Report of
the President. Washington, DC: GPO.

Department of Agriculture. 1991. Program Plan for the
National Initiative for Research on Agriculture, Food
and Environment. Washington, DC.

Department of Commerce (DOC). 1989. The Federal
Technology Transkr Act of 1986: The First 2 Years.
Washington, DC.

. 1991. The Federal Technology Transfer Act of
1986: The Second 2 Years. Washington, DC.

Feller, I. 1990. liniversities as Engines of R&D-Based
Economic Growth: They Think They Can." Research
Policy 19: 335-48.

111

General Accounting Office (GAO). 1989a. Assessment of
Small Business Innovation Research Programs. GAO/
RCED-89-39. Washington, DC.

. 1989b. The Research Tax Credit Has Stimulated
Some Additional Research Spending. GAO/GGD-89-
114. Washington, DC.

. 1991. Diffusing Innovations: Implementing the
Technology Transfer Act of 1986. GAO/PEMD-91-23.
Washington, DC.

Holloway, T.M., and J.S. Reeb. 1987. "The Biomedical
Research and Development Price Index: Revised and
Updated Estimates." Bureau of Economic Analysis
Discussion Paper 20. Mimeo. Washington, DC: BEA.

Howells, J. 1990a. "The Globalisation of Research and
Development: A New Era of Change?" Science and
Public Policy Vol. 17, No. 5: 273-86.

. 1990b. "The I,ocation and Organization of
Research and Development: New Horizons." Research
Policy 19: 133-46.

Internal Revenue Service. Statistics of Income:
C9rporation Income lax Returns Documentation Guide.
Annual series. Washington, DC.

Irvine, J., B.R. Martin, and P.A. Isard. 1990. Investing in
the Future: An International Comparison of Government
Funding of Academic and Related Research. Sussex,
England: Science Policy Research Unit,

Jankowski, J.E. Forthcoming. "Do We Need a Price
Index for Industrial R&D?" Research Policy.

Link, A.N., and L.L. Bauer. 1989. Cooperative Research in
U.S. Manufacturing: Assessing Policy Initiatives and
Corporate Strategies. Lexington, MA: Lexington Books.

Link, A.N., B. Bozeman, and D.P. Leyden. 1990. Federal
and Industrial Innovative Activity. Report prepared for
the National Science Foundation under Grant No.
SRS-8822824. Washington, DC: NSF.

Link, A.N., and G. Tassey, eds. 1989. Cooperative Research
and Development: 7'he Industry-University-Government
Relationship. Norwell, MA: Kluwer Academic Publishers.

Malecki, E.J. 1980. "Dimensions of R&D Location in the
United States." Research Policy 9: 2-22.

Mansfield, E. 1991. "Academic Research and Industrial
Innovation." Research Policy 20: 1-12.

National Institutes of Health (NIH). 1990. NIH Data
Book 1990. NIH Pub. No. 90-1261. Bethesda, MD.

National Science Board (NSB). 1989. Science & Engi-
neering Indicators - 1989. NSB 89-1. Washington, DC:
GPO.

. Forthcoming. The Competitive Strength of U.S.
Industrial Science and Technology: Filling the Void.
Wash;Agton DC: GPO,



112 Chapter 4. Financial Resources for Research and Development

Office of Innovation, Research, and Technology, Small
Business Administration. 1990. Small Business
Innovation Development Act: Seventh Year Results.
Washington, DC: SBA.

Office of Management and Budget (OMB). 1991.
"Enhancing Research and Expanding the Human
Frontier." Budget of the United States Government:
Fiscal Year 1992. Washington, DC: GPO.

Office of Science and Technology Policy (OSTP).
Forthcoming. Science and Technology Report & Outlook.

Office of Technology Assessment (OTA). 1991. Federally
Funded Research: Decisions for a Decade. OTA-SET-
490. Washington, DC: GPO.

Office of Technology Commercialization, Department of
Commerce. 1991. "Research and Development
Consortia Registered Under the National Cooperative
Research Act of 1984." Unpublished. Washington, DC:
DOC.

Organisation for Economic Cooperation and Devel-
opment (OECD). 1981. The Measurement of Scientific
and Technical Activities: Proposed Standard Practice
for Surveys of Research and Experimental Development.
(Frascati Manual: 1980). Paris: OECD.

Osborne, D. 1988. Laboratories of Democracy.
Cambridge, MA: Harvard Business School Press.

. 1989. State Technology Programs: A Preliminaty
Analysis of Lessons Learned. Washington, DC: Council
of State Policy & Planning Agencies.

Pardey, P.G., B. Craig, and M.L. Hallaway. 1989. "U.S.
Agricultural Research Deflators: 1890-1985." Research
Policy 18: 289-96.

Phelps, P.B., and P.R. Brockman. 1991. Science and
Technology Programs in the States: 1991. Alexandria,
VA: Advanced Development Distribution, Inc.

Pray, C.E., and C. Neumeyer. 1990. "Trends and
Composition of Private Food and Agricultural R&D
Expenditures in the United States." Agribusiness Vol.
6, No. 3: 191-207.

Quijano, A.M. 1990. "A Guide to BEA Statistics on
Foreign Direct Investment in the United States."
Survey of Current Business Vol. 70, No. 2: 29-37.
Washington, DC: Bureau of Economic Analysis.

Renshaw, V E.A. Trott, and H.L. Friedenberg. 1988.
"Gross State Product by Industry, 1963-86." Survey of
Current Business Vol. 68, No. 5: 30-46. Washington,
DC: Bureau of Economic Analysis.

Science Resources Studies Division (SRS), National
Science Foundation. 1979. Research and Development
in State and Local Governments, Fiscal Year 1977.
NSF 79-327. Washington, DC: NSF.

. 1989. Geographic Patterns: R&D in the United
States. NSF 89-317. Washington, DC: NSF.

. 1990a. Federal R&D Funding by Budget 14'unction,
Fiscal Years 1989-91. NSF 90-311. Washington, DC:
NSF.

. 1990b. National Patterns of R&D Resources: 1990,
Final Report. NSF 90-316. Washington, DC: NSF.

. 1990c. Research and Development Expenditures of
State Government Agencies: Fiscal Years 1987 and
1988. NSF 90-309. Washington, DC: NSF.

. 1991a. Academic Science/Engineering: R&D
Expenditures, Fiscal Year 1989. NSF 90-321 Final.
Washington, DC: NSF.

. 1991b. Federal Funds for Research and
Development: Fiscal Years 1989, 1990, and 1991. NSF
90-327 Final. Washington, DC: NSF.

. 1991c. International Science and Technology Data
Update: 1991. NSF 91-309. Washington, DC: NSF.

. 1991d. Research and Development in Industry
1989. NSF 91-302. Washington, DC: NSF.

. 199k. "Two-Year Decline Expected in Real R&D
Spending." SRS Data Brief No. 1. Washington, DC:
NSF.

Siboni, R.S., and I.R. McCook. 1990. "The Research and
Experimentation Credit and Software Development: A
Confusing Past, an Uncertain Future." TAXES-The Tax
Magazine September: 651-63.

Sveikauskas, L. 1989. The Impact of Research and
Development on Productivity Growth. Bulletin 2331.
Washington, DC: Office of Productivity and Technol-
ogy, Bureau of Libor Statistics.

Webre, P. 1990. Using R&D Consortia fin' Commercial
Innovation: SEMATECH, X-ray Lithography, and High-
Resolution Systems. Washington, DC: Congressional
Budget Office,

Winston, J.1). 1985. Defense-Related Independent Research
and Development in Industry. Q125 U.S. 1)1. Washing-
ton, DC: Congressional Research Service.



Chapter 5
Academic Research and Development:

Financial Resources, Personnel, and Outputs

CONTENTS

Highlights 114

Introduction 115

Chapter Focus 115

Chapter Organization 115

Financial Resources for Academic R&D 116

Academic R&D in a National Context 116

Sources of Funds 117

Distribution of R&D Funds Over Academic Institutions 117

Academic R&D Expenditures by Field and Funding Source 117

Support of Academic R&D by Federal Agencies 118

Congressional Earmarking to Univenities and Colleges 119

Indirect Costs of Federally Funded Academic Research 120

Academic R&D Facilities and Instrumentation 120

The Spreading Base of Academic R&D 123

Geographic Distribution of Academic R&D 124

Doctoral Scientists and Engineers Active in Academic R&D 124

Number of Academic Researchers 125

Academic Researchers by Field
12iWomen in Academic R&D 12(6

Minorities in Academic R&D 126

Changing Age Structure of Academic Researchers 128

Increased Research Participation 128

Federal Support of Academic S&E Researchers 129

Rising Expenditures per Academic Researcher 129

Graduate Students in Academic R&D 110

Outputs of Academic R&D: Scientific Publications and Patents . . 129

World Literature in Key Journals 129

Patents Awarded to U.S. Universities 110

References 112



114 Chapter 5. Academic Research and Development: Financial Resources, Personnel, and Outputs

Academic Research and Development:
Financial Resources, Personnel, and Outputs

HIGHLIGHTS

Funding for Academic R&D
The 1980s saw a continuation of a trend, observed
over the last several decades, toward an increasing
role for academic performers in total U.S. research
and development (R&D). From 1981 to 1991, real
growth (in constant 1982 d)llars) in academic IMI)
expenditures averaged 5.5 perc(qtt annually. In cur-
rent dollars. funding over the period rose from just
below $7 billion to an estimated $17 billion, increasing
from a 9.5-percent share to an 11.3-percent share of
total 11.S. R&I) expenditures. See p. 116.

Much of this R&D growth occurred between
1985 and 1991 when growth was much stronger
for the academic sector than for any other per-
forming sector, an estimated 44 percent. compared
to about 11 percent for federally funded research and
development centers and other nonprofit lab(Watories,
4 percent for industrial laboratories. and about 3 per-
cent for h.deral laboratories. See p. 116.

The Federal share of academic R&D support has
continued to decline as industrial and internal uni-
versity support have been growing more rapidly
than that of the Federal Government in recent
years. In 1991, Federal sources provided an estimated
56 percent of academic R&D support, down from 69
percent in 1971. In constant (lollars. however, academ-
ic MI) financed by Federal support increased by 77.5
percent during this 20-year period. See p. 117.

After the Federal Government, academic institu-
tions that performed the R&D provided the second
largest share of academic R&D support. From 1971
to 1991, the institutional share grew fr(nn 11 petcent
to an estimated 20 percent of academic R&D expendi-
tures. See p. 117.

Facilities and Instrumentation
The country's research universities have undertak-
en large increases in investment in academic R&D
facilities and instrumentation during the 1980s.
Total capital expenditures for academic science and
engir eering (S&E) facilities (plant and fixed equip-
ment) increased during the 1980s at an avcrage annual
rate of 6.6 percent in constant 1982 dollars. Expen-
ditures for academic research instrumentation have
averaged 9,6 percent annual groath for Federal support
and 11.3 percent for non-Fechral support since 1983 in
constant dollars. The ntlinlmT of instruments available
for R&I) more than doubled between 1982/3 and
1988/9. See pp. 121-22,

The Spreading Base and Geographic
Distribution of Academic R&D

During the 1980s, a growing number of academ-
ic institutions have become major research per-
formers, as evidenced by their sustained volume
of real research expenditures. In 1980, 277 academ-
ic institutions reported total R&D spending of at least
SI million (in constant 1988 dollars) in 1,162 of their
ME fields: by 1989, these same institutions reported
such volume for 1,575 of their S&E fields. See p. 124.

Continuing a trend that was evident in the 1970s,
the 1980s witnessed a slow but marked shift in
the distribution of academic R&D toward the Sun
Belt and away from the North, East, andto a
lesser degreeWest. The South's share rose to
29 percent from 26 percent in the eady 1980s and 23
percent a decade earlier. Similar patterns exist for
Federal and non-Federal R&D funds, and for most
major fields. See p. 124.

Characteristics of Doctoral Researchers in
Academic R&D

During the 1980s, the number of academic doc-
toral researchers increased more rapidly than
their total academic employment in every major
field. Total employment increased by 32 percent.
from 153.220 in 1979 to 202,208 in 1989. The number
with primary responsibility for teacldng increased by
25 percent (82.643 to 103.115), while those with pri-
mary research responsibility rose by 60 percent
(48,517 to 77,455). (..oncurrently, doctoral scientists
and engineers reporting that IMI) was their primary
or secondary responsibility rose by 54 percent, from
100,562 in 1979 to 154,860 in 1989. See p. 125.

As a group, academic researchers are aging. In
1973, only 25 percent of academic researchers had
earned their Ph.D. degrees more than 15 years earli-
(Sr; this fraction was 5 percent by 1989. The increas-
ing age of acachlnic researchers tends to reflect both
the :Ising average age of doctoral academics in gener-
al and low academic hiring levels. See p. 128.

Each new cohort of Ph.D.-holders hired into
academia tends to be more active in research than
the preceding ones and to stay more active through
the years. l3etwe(11 1979 and 1989. the proportion of
all academic doctoral scientists and engineers whose
primary or secondary work activity was research rose
from 67 to 78 percent. See p. 128,
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Women and Minorities in Academic R&D
The number of doctoral women in academic R&D
more than doubled between 1979 and 1989,
increasing faster than either the nunther of S&E Ph.D.
degrees awarded to females Or women's overall aca-
demic employment. Women in 1989 represented 17
percent of all academic researclwrs; almost half of
femak researchers were active in the life sciences. See
p. 12c,

Since 1979, increases in research participation
for minorities have been stronger than for whites.
But the overall nonther of minority researcherspar-
ticularly of hINks. Hispanics, and Native Americans
remains very low. In 19K minorities constituted 13
percent of academic doctoral S&E researchers; nearly
three-quarters oi khese were Asians. See p. 127.

Support of Academic Research Personnel
Despite a decline in the Federal share of academic
R&D funding over the past decade, a rising propor-
tion of academic researchers received at least some
support from Federal sources: 53 percent in 1979

Introduction

Chapter Focus
Acadenfic research and developnwnt (R&D) is an inte-

gral part of the national R&D enterprise. The sector now
accounts for an estimated 11.3 percent of natitmal R.
expenditures and almost half of national basic research
expenditures, Moreover. the 155.000 doctoral scientists
and engineers engaged in academic R&D activities in
1989 comprised almost a third of the U.S. doctoral sci-
ence and engineering (S&E) workforce.

This chapter addresses the following three principal
aspects of academic R&I

Financial resourcessources of funding, distribu-
tion among institutions and disciplines. the Federal
Government's funding role, the financing of aca-
demic R&D facilities and instrumentation, the
spreading base of academic R&D. and its geograph-
ic distribution;

Doctoral personnelcharacteristics of doctorate-
level sdentists and engineers employed by academ-
ic institutions; and

I?esearch outputsthe academic sector' public&
tions and patents.

Chapter Organization
The chapter Opens with a discussion of trends in finan-

cial resources provided for academic R&D. including
allocation across both institutions and fields. and of the
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versus 59 percent in 1989. Increases were evident for
all age groups and most major fields. See p. 129.

In 1989, a record proportion-28 percentof
the growing number of full-time S&E graduate
students were supported by research assis-
tantships. During the eighties, tlw number of gradu-
ate students for whom this mechanism was tlw prim-
ary source of support rose by 60 percent. See p. 130.

Outputs of Academic R&D: Scientific
Publications and Patents

U.S.-based authors continue to account for 36
percent of all publications in a set of about
3,200 major U.S. and international technical
journals. This Kreentage remained steady through
tlw 1980s. See pp. 129-30.

Patenting by U.S. universities increased sharply
in the 1980s. More than one-fifth of all patents
issued to academic institutions since 1969 were
awarded in 199190.11e 100 major research universi-
ties accounted for an increasing share of these
patents. See pp. 130-31,

changing importance of various key sources of financial
suppoil. Since the Federal Government has been the pri-
mary source of support for academic R&D for over half a
century, its role k explored in greater detail. New thk
year is a discussion of the key Federal funding agency

w each S&F, field and lumf the importance of that agen-
cy to the field has changed over time. Also new this year
is a (liscussion f.)f the indirect cost component of the aca-
demic R&D budget based on National Science Foundation
(NSF) and National Institutes of Health (NIII) data. The
section also includes data on funding trends ftn. two key
&dements of university infrastructurefacilities and
instrumentation.

For the first time in the Science & Engineering Indica-
tors series. data are presented about the expansion of the
institutional base in which academic R&D is lmused; the
number of institutions. divisions. and departments that
are active in R&D and their funding levels.

The second section of the chapter covers the academ-
ic R&D workforce and is limitNI primarily to scientists
and engineers with doctoral degrees, since they are the
major participants in academic R&D. (Also, very little
data are available on nondoctoral acadenfic research p('r-
sonnel.) Trends in the growth of various disciplines and
in the numbers of women and minorities in academic
N&D fields are addressed. The chapter presents new
information about the changing age structure of academ-
ic ilsearchers. the trend toward increased research par-
ticipation in academia, and the extent of Federal support
provided to academic doctoral reseawhers. Also includ-
ed is a brief discussion of tlw nunther of graduate stu-
dents involved as research assistants in academic R&I

".
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The chapter's final section discusses the Outputs of
academic R&D, specifically the publications in scientific
and engineering journals and the patents issued to U.S.
universities.

Financial Resources
for Academic R&D'

This section focuses on the levels and sources of sup-
port for R&D activities at U.S. universities and colleges.
Beginning with an examination of the role of academic
R&D in the conte.a of the national R&D system, it cov-
ers R&D funding patterns in terms of funding sources
and their distribution among academic institutions and
across S&E fields. The role of the Federal Government
in supnofting R&D at universities and colleges is
explored in sonw detail, including the support provided
by certain key agencies to both overall academic R&D
and specific S&E fields. Support for academic R&D facili-
ties and instrumentation, particularly the levels of invest-
ment made in these during the 1980s, is examined, as
are the spreading base and geographic distribution of
academic R&D.

Additionally, two highly topical subjects related to the
main discussionFederal reimbursement of indirect
costs and the Congressional earmarking of R&D funds
are covered in this section.

Academic R&D in a National Context'
In 1991, an estimated 817.2 billion was spent for R&D

at U.S. academic institutions. (See figure 5-1.) This level
of expenditure represents a continuing trend, observed
over the last several deca(les, of an increasing role for
academic performers in total U.S. MI). Academic R&D
in 1991 made up 11.3 percent of total R&D, compared
with 9.4 percent in 1971. During the 1971-91 period,
research performed in academic institutions rose from
25.4 percent to an estimated 27.7 percent of total 1.S.
research expenditures.

In constant 1982 dollars, academic R&D increased an

.Ihita in this section come from several different NSF surveys that
do not always use comparable definitions or survey methodologies.
The three main surveys concerned With academic R&D (1) the
Federal Funds tor Research and Development Survey; 121 Federal
Support to l'niversities, Co Ih.ges. and Selected Nonprofit institutions
Survey: and WO the Scientific and Engineering Expenditures tit
I'lliversities and Colleges Survey. The results from this last survey,
based on data ()Inaitted directly from the universities and colleges, do
not generarv match the data Iron( the other two surveys. Vor descrip-
thins ()I the methodologies of these and selected other NSI: smeys.
see SRS (1987).

This discussion I. based on data in SRS (1990c) ;tint unpublished
tabulations. For (»ore information on national MI I xpenditurcs,
(IluI)til I. "National R&I I Spending Patterns," pp.

In this section, academic institution. generally connwise institutions
ol higher education that grant doctorates in science or engineering
and/or .pend at least ..-)0,000 for separately budgeted It& D. Federally
twirled research and development Cvnlcr ;l,;oilillvd With universities
an' tallied separately and are examined in greater detail in chapter .1.

estimated 71.2 percent between 1980 and 1991. R&D
growth between 1985 and 1991 was much stronger for
the academic sector than for any other performing sec-
toran estimated 14 percentcompared to about 11
perc(9it for federally funded research an(I development
centers (FFRI)Cs) and other nonprofit laboratories, 1
percent for industrial laboratories, and about 3 percent
for Federal laboratories. However, the rate of growth for
academic R&D from 1990 to 1991 is estimated at 2.9 per-
cent, down from the estimated 5.4-percent annual
growth rate from 1980 to 1990. As a proportion of the
gross national product ((TNP), the academic R&D share
rose significantly over the past decade, from 0.23 to 0.31
percent.

Academic R&D activities are concentrated at the
research (basic and applied) end of the R&D spectrum
and inchide very little development activity.' Of 1991 aca-
demic R&D expenditures, an estimated 65 percent went
for basic research, 30 percent for applied research, and 5
percent for development. (See liguie 5-1.)

'Notwithstanding this delineation. "R&D"rather than just
"research"is used throughout this discussion; this is becausu almost
all of the data collected tin academic R&D do not differentiate between
the "R" and th(' "1 )."

Figure 5-1.
National and academic R&D expenditures, by
character of work and performer: 1991

Percent
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Development

Academic R&D
($17.2 billionj

National H&D
($152 billion)

Basic resealct Applied research
($23.5 billion) 1$35 4 billion)

NOTES: Data are estimates. FFRDCs federally funded R&D
centers.
See appendix tables 5.1 and 5-2.
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Sources of Funds
yhe Federal Government provides the majoiity of funds

for icaclemic R&D, but participation by other sectors has
been growing more rapidly than that of the Federal
Government in recent years. This circumstaiwe has result-
ed in a decline in the Federal share of academic R&D. (See
figure 5-2.) In 1991 the FNIeral Government provided an
estimated 56 percent of the funding for R&D performed in
academic institutions, down from 69 percent in 1971. The
academic institutions that performed the R&D provided
the second largest share of funds. From 1971 to 1991, the
institutional share grew from 11 percent to an estinmted 20
percent of academic R&D expenditures:. Industry
increased its share from 3 iwrcent in 1971 to an estimated
7 wrcent in 1991, while state and local governments and
other sources maintained shares of academic R&D fund-
ing ranging from 8 to 9 percent for the former and 6 to 8
percent for tlw latter throughout the 1980s. 6

Institutional funds are funds an institution spends on includ-
ing unreimbursed indirect costs assmiated with RN: I / prt)jects fi-
nanced by outside owanizations and mandatory cost sharing on
l'ederal and other grants. Sources ot institutional funds are (1) general-
purpose state or local government appropriations. (2) general-purpose
grants from industry. WO tuition and fees, and (.4) endowment income.
There is some concern that part of the increase in the importance of
institutional funds is due to accounting change..

Other souwes of support includ(' grants for l&I) front nonprofit
organizations and voluntary health agencies as well :is all other
sources not elsewhere classified.

Figure 5-2.
Sources of academic R&D funding, by sector
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NOTE: Data tor 1990 and 1991 are estimates.
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Industiy funds for academic R&D grew faster than did
funding from any other source during tlw past two
decades. Industry's contribution to academia represnt-
ed about 1.6 percent of all indusuy-funded R&D in 1991,
compared to 0.7 percent in 1971. The rapid rise in aca-
demic institutions' Own R&D funding increased the ratio
of those funds to total institutional operating expendi-
tures from approxinmtely 1.5 percent in 1973 to an esti-
mated 3.0 percent in 1989.

Private and publir universities clifkr in their major
sources of R&D support. For public academic institu-
tions, about 11 percent of R&D funding in 1989 came
from state and local funds and about 23 percent from
institutional funds. Private academic institutions received
only 2 wrcent and 9 percent of their funding, respec.
tively, from these sources. (See appendix table 5-3.)
Between 1980 and 1989, the Federal share of support
declined for both public and private institutions, dropping
from 61 to 53 percent for public institutions and from 79
to 73 percent for private institutions. Both public and pri-
vate institutions received approximately 7 percent of their
R&D support from industry in 1989.

Distribution of R&D Funds Over Academic
Institutions

Most academic R&D is concentrated in rdatively few
of the 3,400 higher education institutions in the United
States. In fact, if all such institutions are ranked by their
1989 R&D expenditures, the top 200 ranked institutions
account for 96 percent of R&D expenditures. In 1989,

The top 20 institutions spent 32 percent of total aca-
demic R&D funds,

Th top 50 spent 58 percent, and

11w top 100 spent 82 percent.'s

(See text table 5-1.)

Academic R&D Expenditures by Field and
Funding Source"

The distribution of Fecleral and non-Federal funding of
aca(lemic R&D in 11)89 varied by field. (See appendix

The Carnegie l'ontulation for the Advancement of Teaching classi-
fied '3,400 degree-granting institutions as higher education institutions
in 1987. (Sep cha)ter 2, -Classification of Academic Institutions," p 17,
for a brief description of the Carnegie cat(gories.) These higher edu-
cation institutions include -1-year colleges and universities, 2-year com-
timidly and junior colleges. and specialized schools such as medical
and law schools. Not included are more than 7,000 other postsec-
ondary institutions (secretarial schools, auto repair schools, etc.),

'These percentages exclude the Applied Physics Liboratory (:111.) at
Johns I lonk ins l'iliversity. 1Vith an estimated SE1 million ill total and
s 122 million in federally finance(l R&I) expenditures in fiscal year 1989,

perIorins about two-thinls of th( MI) at the university. Although
not officially classified 11S 1:1:RDC, essentially functions as one.
Its exclusion therefore provides ;1 better measure of the distribution 01
(1(y1(lent if. R&I dollars and the ranking of individual institutions.

data in tins section :ire dra\vn from NSVsS(..ientilic and F.tigitiecting
l..xpendittires at I 111V1TS1111. ;111(1 (.()11M'S Sulvey. Parallel data by liekl
!row NSF's R.111.1.al 0 thligati011s 10 l'iliversities and (ollege,
(I() not necessarily match these numl)ers for a variety of methodologi-
cal reasons.
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Text table 5-1.
Distribution of R&D funds among academic
institutions: 1989

Rank
Millions

of dollars
Percentage

of total

All institutions' 14,556 100

Top 10 2,606 18

Top 20 4,612 32
Top 50 8,484 58

Top 100 11.901 82
Top 200 14.023 96

'The Applied Physics Laboratory at Johns Hopkins University, with an
estimated S431 millica in 1989 R&D expenditures, is not included in
these totals.

See appendix table 5-4. Science & Engineering Indicators - 1991

tabl(' 5-5.) For example. tlw Federal Governnwnt sup-
ported (i5 percent of academic R&D expenditures in tlw
medical sciences, but only 27 lwrcent of academic R&D
in the agricultural sciences. This latter figure reflects the
traditionally strong role of states in supporting the agri-
cultural sector.

By far, the majority of academic R&D expenditures in
1989 went to the hfr sciences, which aCCoiinted for 54 per-
cent of total academic R&D expenditures. 53 percent 01
Federal academic MD exwnditures. and 55 percent of
non-Federal academic R&D expenditures. The next
largest block of total academic R&D t.xlx.nditures was for
engineering-16 percent in 1989. (tice ap)endix table 5-5.)

Between 1979 and 1989, academic R&D expenditures
for all fields combined grcw at an average annual rate of
5.6 percent in constant 1982 dollars. (Sec figure 5-3 for
constant dollar expenditures over the decade by field.)
Fr Om 1988 to 1989, the rate increased to 6.8 percent.
Funding for the computer sciences grew fastest during tlw
decade, increasing at an average annual rate of 11.4 per-
cent in constant dollaN. R&D txpenditures for tlw com-
puter sciences in 1989 were about 3.1 percent of total aca-
demic R&D. Engineering and tlw medical sciences grew
second fastest during tlw decade, both increasing at an
average annual rate of 6.6 percent: kir P188 to P189. tlw
rates increased to 9.1) and 8.7 percent, respectively.

Academic R&D expenditures in tlw social sciences,
which averaged annual decreases of 2.5 perolil in con-
stant dollars between 1979 and 1984, show increases since
1984. Between 1984 and 1989. funding for the social sci-
ences increased at an average annual rate of 8.7 percent
in constant dollars. with tlw growth rate for 1988 to 1989
estimated at 10.4 liercent.

It is noteworthy that tlw declining Federal share in the
support of academic R&D is not limited to specific S&F.
disciplines. The federally financed fraction of support for
each of Ow S&I.: fields declined over the past two
decades. !See appen(Iix table 5-7.) Tlw most dramatic
decline occurred in tlw social sciences (57 to 33 per-
cent): the smallest decline was in tlw mathematical and

computer sciences (71 to 71) perc('nt), This relative
decline also holds for most S&E subfields.

Support of Academic R&D by Federal
Agencies,"

Federal obligations for academic 1?&D arc concentrat-
ed in three agencies: NIII, NSF, and 11w Department of
Defense (DOD). Together, these agencies provided
about 75 wrcent of total Federal financing of academic
R&D in 1991. up from (i6 percent in 1971. (Sec appen(lix
table 5-8.) NW was estimated to have provided .17 per-
cent of Federal support for academic R&D in 1991: the
NSF share was estimated at 16 percent. DOD, after
increasing its share of Federal support from 9 percent in
1977 to just below 17 percent in 1986. declined to an esti-
mated 12-percent share in 1991. During tlw 1981-91 peri-
od. however, tlw National Aeronautics and Space
Administration (NASA), which is estimated to provide
less than 6 liercent of hderal support, had tlw higlwst
estimated average annual growth in its funding of aca-
demic R&D. 7.7 percent per year (constant 1982 dollars).
followed by NIlI (4.0 percent) and NSF (3.6 perc('nt).

I IliVritsit tits ;mil Colli.ges."
p, 119. aii kiii rclalcil to acadvinic
support tliall.iigcniliTs considerable

Figure 5-3.
Academic R&D expenditures, by field

Billions of constant 1982 dollars
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onve!1 current dollars to constant 1982 dollars

tee appendix table 5.6. Science & Engineering Indicators 1991
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Congressional Earmarking to Universities and Colleges

Academic earmarking---the Congressional practice
of providing Federal funds to educational institutions
for ivsearch facilities or projects without nwrit-based
peer nwkwis not a iww phenonwnon. Congress has
trauitionally earmarked most of the aca&mic research
funds from tlw Department of Agriculture to specific
uniwrsities and colleges. The lack of an accepted defi-
nition for academic earmarking, combined with the dif-
ficulty of detecting many earmarked projects because
they are either obscured or &scribed vaguely in the
legislation providing the funding, makes it difficult to
obtain exact figures for either the amount of funds or
the number of projects specifically earmarked for uni-
versities and colleges.

Despite such problems, several recent efforts have
betm ma& to estinmte trends in academic earmarking.
These estimates indicate that during the past 10 years
significant increases have occurred in both the number
of earmarlwd projects and the amount of money direct-
ed toward them.

NSB (1985) reported that between fiscal years
(FYs) 1983 and 1985, 15 universities that
bypassed the merit review process received over
$100 million for research facility constniction by
appealing directly to Congress. The data showed
increases in funding appropriation or authoriza-
tion from $16.5 to $29.8 to $60.(i million over the 3-
year period; tlw number of projects for which
funds were either appropriated or authorized rose
from three to four to niiw.

In his recent study of academic earmarking,
Savage (1989) defhws an earmarked project as
"one that woul(l not exist without the intervention
of Congress." Using Congressional Research
Service estimates for FYs 11)80-87 and data collect-

ed by the University of California for FYs 1988
and 1989, Savage reports an increase in funds for
academie earmarking from about $10 million in
1980 to over $100 million in 1985, to over $200 mil-
lion in 1989; the number of earmarked projects
increased from 7 to 36 to 87 over the same period.
These data include earmarks from appropriations
bills, supplemental appropriations, and continuing
resolutions,

Cordes (1991) defines earmarking to include (1)
projects for which agencies neither requested
nmney nor sponsored merit-based competitions to
determine which institutions should get the
awards, (i) projects for which an institution had
competitively obtained funds in previous years but
which would have been discontinued if Congress
had not insisted that an award be made, and (3)
projects that had been competitiwly awarded for
which Congress had ordered an agency to add a
specific amount of money without any review.
Based on this definition, Cordes estimated ear-
marking at about $200 million in FY 1988, slightly
under $300 million in both FYs 1989 and 1990,
and almost $500 million in FY 1991.

Tlw Office of Science and Technology Policy
(OSTP) recently completed a detaikd analysis of
earmarking in the 1991 appropriations bills (see
OMB 1991a, chapter IV.C, pp, 63-64). In all, 492
earmarks were identified (111 for R&D facilities,
381 for research projects) totaling $810 mil-
lion($428 million for R&D facilities, $382 million
fiw research projects). These figures, however, are
not/limited to Congressional earmarking to uni-
versities and colleges, but also include earmarks
to nonacademic institutions.

Support by Single Agencies. Although the overall
depndtnce of universities and mllegts on the Federal
Government for their R&D funds has diminished over
the past couple of decades, each of the S&E fields has
become more dependent on a single agency for its
Federal funds than it was in the past. The agency pro-
viding the largest share of Federal research funds fm-
each of the seven S&F. fields provided a larger fraction
of the Federal Itmds for that field in 1 989 than it did in
1971. (See figure 5-4.) This increased reliance on one
agency lor Federal support also pertains in general to
most of the SM.. sublields. Only for astronomy,
oceanography, the computer sciences, and aerospace
engintering did the principal funding agency provide a
significantly smaller share of funds in 1989 than during
the tarly (or late) 1970s.

Indirect Costs. One aspect of Federal suppirt 01 aca-
demic R&D that has tngendered a great deal of discus-

sion universities and colleges' indirect cost recovery
from the Federal Govtrnment. (See "Indirect Costs of
Federally Funded Academic Res('arch," p. 120.)
Although hillirect cost rates at universities and colleges
haw been increasing during the 1980s, the indirect cost
shares of the research budgets of NSF and NIII Imve not
increased much, if at all. during this period."

At NSF, the indirect cost share of its academic research
budget exhibited a slight decline during this ptriod from
a high of 25,3 percent in 1983 to its current kvel of 24
percent. (See t('xt table 5-2.)

At NHL from 1983 to 1988 there was a kveling of in-
direct costs to about 31 percent of the total costs for NIII

Asidc from NSF. few Federal agencies keep th.taih.d data Invilking
down th(ir ) a %yards to universities and colleges into ,:eparate bud-
get components, including indirect cost.... NIII, although it does not
keep detailed Inidgetary data similar to Ntirs, does provide informa-
tion ;11nnif the proportion 01 its funds going to indirect costs. tiv( NIII
11990),
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Indirect Costs of Federally Funded Academic Research

Reimbursement of indirect costs, or overhead, as
part of the budget for federally funded academic
research is a subject that generates considerable dis-
cussion among researchers, university administrators,
Federal officials, and members of Congress. Indirect
costs are all the allowable costs of an academic institu-
tion's research that cannot be allocated or directly
charged to a research grant or contract. Indirect costs
associated with federally funded research at universi-
ties and colleges account for several billion dollars of
the Federal academic research budget.

'There is general agreement that (1) indirect costs
are real costs of research and (2) if they were not at
least partly recovered, accepting significant amounts
of external research funds could put a strain on a uni-
versity's budget. The Office of Management and
Budget's (OMB's) Circular A-21 sets out the mks for
specifying the direct and indirect costs of federally
funded research and defines the cost pools that may
be treated as indirect costs (OMB, 1991b). The circu-
lar leaves some flexibility in how various costs may be
considered; the variation in schools indirect cost rates
in part reflects that flexibility.

Though administrative overhead costs have been
the focal point of concern over rising indirect cost
rates, charges for depreciation or use of facilities and
equipment were the fastest growing indirect cost

component over the last decade. Operation and maintenance

costs were the second fastest growing component.
One approach might be for these two components to be
broken out into a separate indirect cost rate for infras-
tructure. Growth in such a rate may be easier to
explain when it is clearly associated with facilities and
equipment for research than when it is submerged in a
more loosely defined aggregate.

Many proposals have been offered to contain the
growth of indirect cost payments by the Federal
Government. These proposak have generally called
for limits on either the overall indirect cost rate or on
the administrative portions of the rate by setting a uni-
form rate for all institutions or by setting a ceiling. In
May 1991, OMB proposed that reimbursement on
Federal research grants for the administrative cost
portions of indirect costs be limited to 26 percent of
"modified total direct costs." These modified costs are
direct costs less equipnwnt costs and subcontracts
over a certain size. Similar proposals to cap adminis-
trative compoiwnts of indirect costs have been made
before. An interagency task force has been estab-
lished by OMB to review and revise Circular M1 in
the interests of greater clarity, simplicity, and equity.
The task force is expected to conclude its work by the
end of 1992.

research grants. The variation during this period was less
than half a liercentage point. In 1989 the pr( p)rtion of
NM funds for indirect costs rose slightly to) 31.6 percent.
Although the NW indirect cost data .(we not limited to aca-
demic research awards, in 1989 74 percent of NIII's extra-
mural suppod went to institutions of higher education.

!ndirect cost rates ran rise while tlw indirect cost
share of a Federal agency's academic R&D budget can
be flat or even falling for such rezisons as

A shift of h.deral research funds to institutions with
lower indirect cost rates,

More awards that do not allow the recovery of full
indirect costs,

A larger fraction of dire 1 research costs that are
not included in the "mooitied direct cost base" used
for calculating indirect cost payments, and

Nlore awards that require cost sharing that take the
form of a voluntary waiver of smut. of the indirect
costs.

NVithout much more detailed data than zin currently avail-
able. it k difficult to) determine the ext(nt to) which each of
these factors affects the behavior of indirect costs.

Academic R&D Facilities and Instrumentation''
After an extended period of ckcreased support for aca-

(lemic R&D infrastnicture beginning in tlw hite 1 )60s,
the country's research universities invested heavily in

I )ala on facilities and instrumentation are taken primarily Iron] the
tollowing sources:

SHS (1991b)--as used in thi..urvey report, lacilitie." reler. lu
capital investment expenditures tot. rsearch or instruction at
those universities and colleges spen(ling- ti51).fifin or moi . annually
on separately Ini49le(l R&I).
SIS (19$81)) u1 SI (199)d)in these sdrvey reports, "tacilitie.-
are phy.ical plant, including infra.tructure (power), fixed equip-
ment (benches., fume hoo(ls) and nontixed equipment costing-
more than million. Illillnilaii011 011 R&I)
tiRs (198Nio, (1991io, and unpublished data and
analy.is tables,

tems are defined pecitically in c.;tcli :urvey. in general,
ILuiliIis expenditurc,"

LI( liit1tl is "capital" hind..
Are fixed itent..ticli a. buildings,
()len co,:i million. dollar., and
..\re Mit .n1(111(1141 ithin expenditure..

-1-.quiptitent- an(I -instruments" Ul u. terms art . used interchange
ably) are generally

\lovable,
lt,trch;e:ed with current hind., and
Include(l %villtin I ) expenditure..

Brl'allC !III' Vall')/()Iit' an' Hut 1)111111111y .ffine large
in.trunientation could be classified a either lacilities or
equipment.
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Figure 5-4.
Funding provided by current lead Federal R&D
funder, by field
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See appendix table 5-9. Science & Engineering Indicators - 1991

academic R&D facilities and inArumentation during the
1980s. Recent surveys of both facilities and instrumenta-
tion indicate that these increases in expenditures have
begun to address some Of the needs in these areas.

Facilities. In additkm to the $15 billion that aCildt'ItliC
institutions spent for separately budgeted R&D activilies
in P189, $2.1 billion was disbursed for capital investment
in S¼1 ... facilities and fixed equipment to b(, used for
MI) and instruction. (Se( figure 5-5.) In constant dol-
lars, this anunint represented an increase of 2.7 percent
over 1988-significantly less than the 9.2-percent
constant dollar nwrease that occurred between 1987 and
1988.

Total capital expenditures for academic S&I.: facilities
(plant and fix(d equipment) rose during flu. 1980s at an
average annual rate of 6,6 percent in constant 1982 dol-
lars. Among the S&F. filds, nginering enjoyd the
highest rate of growth in capital expenditures--an aver-
age of 12.0 percent annually in constant 1982 dollars
since 1980. The physical sciences field was second with
8.3-percent average annual growth between 1980 and

1

121

1989, (See appendix table 5-11.) The h)west growth nnt.
was experienced by psychology, which declined at an
average annual rate of 7 percent in constant dollars.

Overall, the proportion of capital funds from non-h.deral
sources has been increasing-from 74 percent in 1972, to
81 percent in 1980, to just over 90 percent in 1989. Non-
Fedenil sources, which include state and local govern-
ments, special bonds, donations, and other sources, grew
an average of 7.8 percent a year in constant 1982 dollars
between 1180 and 1989; concurrently, Federal spending
declined at an average annual rate of 0.7 percent.

The survey data indicate that new facilities construc-
tion projects are becoming nu)re expensive: in 1986-87,
1111. cost of new academic R&D space in current dollars
was $207 per square foot, compared to $231 per square.
foot in 1988-89, and an estinmted $311 per square foot in
19904)1. (See appendix table. 5-12.) Construction outlays
for academic research faci1itk.s are expected to reach
$3.5 billion (in current dollars) in 1990-91, up from $2.5
billion in 1988-89 and $2.1 billion in 1986-87.'3

When the projects initiated bctmlm 1986 and 1989 are
completed, they are expected to produce over 20 million
square feet of new n.search space-the equivalent of about
19 percent of existing research space. This new research
space is not expected to lead to any significant increase in
the total amount of research space, however, but rather will
replace obsolete or inadequate space. '1111. I11.w construe-
den projects initiated in 1990-91 are expected to produce
about 11 million square feet of new research space.

I Lila are aggnigated into 2-year units 111 because simie data wyn .
imly available aggrvgated 14 1988 and 1989 and (2) to increase stabil-
ity ot the estinmtvs. Set. SRS (1)88b1 and SRS (1990d).

Text table 5-2.
Indirect cost share of total costs for National
Science Foundation (NSF) and National Institutes of
Health (NIH) research grants

NSF NIH

Percent
1983 25.3 30.5
1984 24.6 31.2
1985 24.2 31.3
1986 251 31.4
1987 24.3 31.3
1988 24.4 31.2
1989 24.0 31.6

NOIES: NSF data include all academic awards (grants and contracts)
from its five research directorates-Biological, Behavioral, and Social
Sciences: Computer and Information Science and Engineering:
Engineering: Geosciences: and Mathematical and Physical Sciences.

NIH data include all extramural research awards as well as all aca-
demic awards In 1989. 74 percent ol NIH's extramural support went to
institutions of higher education,

SOURCES National Science Foundation and National Institutes of
Health, unpublished tabulations

Science & Engineering Indicators 1991
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Figure 5-5 .

Federal and non-Federal capital fund expenditures
for academic science and engineering
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NOTE: See appendix table 4.1 for GNP price deflators used to
convert current dollars to constant 1982 dollars.

See appendix table 5-10 Scwnce & Engineering Indicators 1991

More than 85 percent Of the current academic
research space is concentrated in five S&E fields:

Ifiological scienc(s (22 percent).

Agricultural sciences (18 perc(nt),

Medical sciences (17 ptircent),

Engineering (15 perc(nt), and

Physical scieiwes (14 ptirc(nt).

Between 0 and 60 percent of the institutions that per-
form research in these fields reported zi need for mon'
research Tace for work in the discipline. Although the
increased facilities funding has been beneficial to the
academic research infrastructure, survey results indicate
that respondents believe there is still a construction
backlog as well as considerable space that needs renova-
tion and

Instrumentation." Current fund expenditures for
academic research instruinentation have been growing

fala hind, lor research instrumentation
and clo not include Minis tor instructional equipment.

steadily since 1983 in constant diillars. (See appendix
tabl( 5-13.) About (i0 to (i5 percent of these expenditures
Wert' covered by the Federal Government during lli
1980s. This percentage varied among individual fields,
Imwever, with two fieldsthe agricultural sciences and
the social sciencesreceiving considerably kiss than
half of their research equipment funds from the Federal
Government. Over the decade, Federal support did not
grow as quickly as did non-Federal. Annual growth in
Federal support averaged 9.6 percent since 1983, while
non-Federal support grew 11.3 percent in constant 1982
dollars.

By field. expenditures for instruments for mathematical
sciences, engineering, computer sciences, and physical
sciences grew fastest. increasing at average animal rates.
in constant 11182 dollars. of between 10 and 15 percent
since 1983. Funds for research equipment for the social
sciences and psychology grew the slowest, avoraging less
than 5 percent annual growth since 1983. During the last
several years. the rapid growth in equipnwnt xpevli-
tures of tlw mid-1980s has abated slightly. The annual
growth rate for total R&D equipment expenditures HI
from percent in 11187-88 101 percent in 1988-89.

From 1981 through 1989. annual research equipnwnt
expenditures comIwisid h to 7 percent of total R&D expen-
ditures, with a slight upward trend in this percentage
Over the decade. Equipment purchases as a percentage of
R&D expenditures were consistently higher than aver-
age in the computer sciences. physical sciences, and
engineering and consistently lower in the mathematical
sciences and social sciences.

Characteristics of Academic R&D Instrumen-
tation. Although tlw data on annual expenditures for
research equipment at universities and colkges provide
uschil information about spending trends. they indicate lit-
tle, if anything, about otlwr important characteristics of
research instrumentation such as cost. adequacy, and age.
Congressional concerns expressed during tlw late 1970s
about the adequacy of research equipimint in leading
research universities pointed up the iwed for systematic
data on the subject. In response. NSF initiated, with NW
sharing in the financial support. a triennial suiwythe
National Survey of Acadmic Research Instruments and
Instrumentation NeNlsto monitor tlw state of academic
research instrumentation.'"

. .

currrni hinds.--a: opposed to capital tmuls-- art. iloo Iii di,. ycar
ly operating lmtlget tor ongoing itctivilies. Generally. academic institu-
tions keep sepuratt ;iceounts for current iiil capital funds.

To date, three cycles ot the instrumentation survey have been coin.
pleted using similar designs and data gailiering methods. '1 hp fir.I
cycle vit" concluded in 19.3-81. the second ill 11.1)-s-,, ;Intl the third in
1'.0)-90. ol 1\vii hiring
tir-4 pilaw (198'3, 198(i. 1989). vd, e,clict.lecl tur the jilly.i-
I. al science", computer sciences, an(i engineering. I )itrint.i, the .reund
phase 119til. 19t.+, 1990). intormation % as eolleded tor thr agriciduir
al. biological, and environmental sciences. vith the hiologival
portion of the survey including a separately selected sample medical

'cli("ik ii) Ow (il nonmedical intiversities and vol.
lege. that twovided data tor all the major S&L Ileitis.
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Appmximately 38 percent of all instrunuln sysuqtts in
use in 1988-89 had been acquired in the iffevious 3 years,
a number almost identical to the 37 percent reported for
instruments in use in 1985-86.1' (See appendix table 5-
14.) About 25 percent of instrument systems in use in
1982-83 had been retired from research by 1985-86, and
about 27 percent of those in use in 1985-86 that were
more than 3 years old had been retired from research by
1988-89. As a result of both retirement of older equip-
ment and an increase in the size of the equipment stock,
the age distribution of the research instrumentation
changed signikantly over the course of the three sur-
veys. In 1982-83, 62 percent of the in-use instrument sys-
tems were 5 years old or less, and 38 percent were 6 or
more years old. By 1988-89, 69 percent of the systems
were 5 years old or less.

Tlw survey data show increases in the number of
instruments, the aggregate purchase price of instru-
ments, and the mean price per system. (See appendix
table 5-15.) The number of in-use academic R&D instru-
ment systems in the fields surveyed increased by about
50 percent between both the 1982-83 to 1985-86 period
(36,300 to 53,390) and the 1985-86 to 1988-89 period
(53,390 to 78,950). The awTegate purchase price lor
these instruments in current dollars increased from
81.30 billion in 1982-83 to 82,04 billion in 1985-86 to 83.18
billion in 1988-89. Adjusted for inflation, these increases
represent a real net increase of 44 percent between the
first two periods and 51 lwrcent between the last two
periods. The mean price per in-use instrument system in
current dollars increased from 836,0(H) in 1982-83 to
838,000 in 1985-86 to 840,000 in 1988-89. When adjusted
for inflation, however, the average price per system was
essentially unchanged during the entire 1982-83 to 1988-
89 period.

During the 6 years of the three survey cycles, annual
expenditures for both the purchase of research instru-
nwnts and for the repair and maintenance of existing
research instruments increased. (See text table 5-3.) After
adjustment for inflation, expenditures for purchasing new
or used equipment increased by 48 percent between 1982-
83 and 1985-86 and by 11 percent between 1985-86 and
1988-89. Maintenance and repair expenditures increased
by 26 percent during the first period and by only 5 percent
during the second period. As a result of these expenditure
patterns, for every dollar spent on purchasing research
cquipinent, 25 cents was spent on maintenance and repair
in 1982-83, 22 cents in 1985-86, and 21 cents in 1988-89,

ln tll tInve surveys, information about current equipment needs
and priorities was obtained with reference to actiii;l survey year.
information about equipment dollar amounts and expenditures reters to
the year preceding the survey. Flier(' lore, the data discussed here for
the physical sciences. computer sciences, and engineering were collect.-
ed tor 1982, 1985, and 1988; the data for the agricultin al, biological, and
environmental sciences (Vere collected for 198:'., 1986, mid 1989, I )ata

lrom thesy surveys are dius ivIerred to as 1982-8;1 data, 198:-0-ii data,
and 1988-89 data (see S16 1988a iii SRS 1)91a). hiless otherwise
noted, data are for instruments costing trout 810,009 to 51 million.
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Text table 5-3.
Annual expenditures for research equipment pur-
chases and for maintenance and repair of existing
research equipment

1982-83 1985-86 .988-89

Dollars in millions

Purchase of nonexpendable
research equipment 400 678 831

Maintenance/repair of existing
research equipment 101 149 175

Cents

Amount spent on maintenance/
repair for each 61 spent on
research equipment 25 22 21

SOURCE: Science Resources Studies Division, National Science
Foundation, Academic Research Equipment and Equipment Needs in
Selected Science and Engineering Fields: 1989.90, NSF 91-311
Washington D.C., 1991, and unpublished tabulations.
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The purchase of new equipment during the 1980s
appears to have produced beneficial results for many
academic departments. Most S&E departimmt heads
reported that the overall adequacy of their research
equipment either remained about the sanw (32 percent)
or improved (50 percent) over the past 3 years. Over the
6-year period of the surveys, there also was a reduction
in the percentages of department heads citing important
subject areas where department researchers could not
perform critical experiments because necessary equip-
ment was lacking. However, although the proportion
decreased from 72 percent in the 1983-84 survey to 62
percent in the 1989-90 survey, it was still well above 50
percent in all fields except the biological sciences.

The Spreading Base of Academic R&D

Tlw number of Institutions in which academic R&D is
housed continued to expand during the past decade, as
reflected in the R&D expenditure patierns of 277 aca-
demic institutions which have been surveyed annually
by NSF since 1973: together, they have consistently
accounted for more than 90 percent of total academic
R&D spending.

Each of 26 S&E fields'' in each of the 277 institutions
was examined over a 10-year period to determine its
R&D volume for 1980 through 1989. In 1980, these insti-
tutions reported some lt&I) expenditures (no ntatter

_

' 'Thu 26 fields into (vhi('h NSF categorizes academic l&I) expendi-
tures niclude

Six in engineering:
Four each in the physical, environmental, and life sciences:
.1'(vo in the mathematical and computer sciences;
I:ive ifi and behavioral sciences; and
A cillegury livid,: mil risewliere generally relerring
to interdisciplinary activities,
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small) in a total of 3,621 fields; by 1989, the number of
fields had increased by 2.7 percent to 3,717. (See appen-
dix table 5-16.) Median constant dollar spending rose
from 8392,000 in 1980 to 8683,000 in 1989.

In 1980, t! 277 universities and colleges spent at
least 81 million (in constant 1988 dollars) for R&D in
1,162 of their S&E fields. By 1989, the number of such
fields had increased by 36 percent to 1,575. (See appen-
dix table 5-16.) Viewed another way, just over half of the
277 institutions (144) had fewer than 3 fields in 1980 that
exceeded the 81 million spending threshold; by 1989,
this number had declined to 114. Conversely, the num-
ber with 10 or more fields above 81 million rose front 46
in 1980 to 69 in 1989. (See figure 5-6.)

Geographic Distribution of Academic R&D
All regions of the country have shared in the growth of

academic R&D funds, but not equally so. (See text table
5-4 and figure 5-7.) With new institutions and new depart-
ments entering academic R&D, there has been a slow but
marked shift in the distribution of academic R&D spend-
ing toward the Sun Belt, away from the North, East,
and-to a lesser degree-West. The South increased its
funding steadily from 23 percent of total in 1973-74 to 26
percent in 1980-81 and 29 percent in 1988-89. (See
appendix table 5-18.)

Figure 5-6.
Academic institutions that exceeded $1 million in
separately budgeted R&D, by number of S&E fields

1980-81

In 0-2 fields

In 3 or more

In 10 or more

1982-83

1984-85

1986-87

1988-89

0 50 100 150
Number of institutions

200

NOTES: Data represent 26 science and engineering (S&E) fields in
277 institutions. R&D funding .eflects constant 1988 dollars.

See appendix table 5-17. Science & Engineering Indicators - 1991

The same general pattern can be observed for Federal
and non-Federal R&D funds. (See appendix table 5-19.)
The South, once the region with the lowest proportion of
Federal funding, in 1988-89 was a close third behind the
East and West. In non-Federal funding, the North and
South tied for the highest share (28 percent) in 1973-74; by
1988-89, the South had by far the largest proportion-34
percent of the total-and was 15 percentage points ahead
of the last-ranked West. (See text table 5-4.)

The same pattern-the South gaining in the share of
Federal and total R&D Funds-holds for most S&E
fields. Exceptions are mathematics and computer sci-
ences and psychology, which lost share in Federal and
gained share in non-Federal funds,

Doctoral Scientists and Engineers
Active in Academic R&D

Doctoral academic researchers are those Ph.D.-holding
scientists and engineers who are employed by
academic institutions and have reported that they are
actively engaged in some aspect of R&D (i.e., basic
research, applied research, or (levelopment).e 'l1is section

Data on doctoral seientists and engineers are derived from the
biennial Survey of Doctorate Recipients conducted for NSF by the
National Research (ouncil. In this section. "academic institutions"
refer to universities. and 2-yrar colleges (the latter generally con-
tribute little to MI) activity). and medical schools. as identified by the
respondents, but exclude university-managed FFRI

A recent broad assessment of NSF's surveys of scientis's and engi-
neers (N RC E)89) has noted certain limitations of the doctorate sur-
veys and has recommended improvements.

Except for some limited data on graduate research assistants, no
data are available on nondoctoral academic research personnel.

Text table 5-4.
Distribution of academic R&D expenditures, by
major region and source of funds

1973-74 1980-81 1988-89

All sources
Percent

East 28.0 26.5 26.0

West 24.3 24.8 23.1

North 24.1 22.7 21.1

South 23.3 25.7 29.1

Federal
East 29.9 29.2 28.6
West 26.7 26.7 25.7

North 22.2 21.0 19.6

South 21.0 22.8 25.5

Non-Federal
East 24.0 21.1 22.2

West 19.1 21.0 19.3

North 28.1 26.1 23.4

South 28.1 31.3 34.3

See appendix fable 5-18. Science & Engineering Indicators - 1991
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Figure 5-7.
Real growth in total academic R&D expenditures: 1973/74-1988/89

Less than 50% 50-100% III 100-150%
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111 150-200% 1111 More than 200%

See appendix table 5-19.

loctiscs on the characteristics of these researchers.
Specifically, it presents data on their number, fields of con-
centration, age, gender, rao./ethnicity, and sources of sup-
port. data art. also presented on graduate research
assistants supporting academic R&D.

Number of Academic Researchers,m

In 1989, there were 484,809 doctoral scientists and engi-
nt.ers. of whom 202,208 were employed in the academic
sector (excluding those in FFRDCs managed by universi-
ti('s or university consortia). (See appen(Iix table 5-20.) Of
the doctoral scientists in acadenfia, 189,768 held faculty

'Number of icatli.mic researchers was determined based on
responses to a .111Vey question on primary and secondary work activi-
ty. Researchers are defined a, ivspondents who indicate that research
is their pt-imary or secondaty tvsponsibility.
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rank, and 12,440 held other positions (e.g., research asso-
ciate). In all, 15,,860 were engaged in academic R&D as
defined here, including 77 percent of those with faculty
rank and 72 percent of those with other positions.

Over the past decade the academic doctorate-holding
ME workforce has become more research-intensive, as
measured by the propoNion of those reporting some
research activity. Between 1979 and 1989, the number of
doctoral scientists and engineers employed in academia
increased by 32 percentfrom 153,285 to 202,208but
the number of doctoral academic S&E researchers
increased by 54 percentfront 100,562 to 154,860.
Consequently, the proportion of S&E Ph.D.-holders who
reported some research activity rose from 66 percent in
1979 to 77 perevnt in 1989.

By field, the sharpest gain over the decade in research
activity was experienced by the social sciences. In 1979,
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percent of all social scientists were involved in
research; by 1989, this fraction was 74 p('rcent. The
highest /eve/ of research activity (89 percent) was in the
environmental sciences. (See appendix table 5-20.)

Academic Researchers by Field
The field composition of the academic reseafth work-

force underwent some changes in the past decade. Life
sciences researchers remained the largest group, main-
taining their 36-percent share of the S&L total. The limn-
ber of researchers in the physical sciences grew more
slowly than that in other fields-about 2 percent annual-
ly, compared with more than 4 percent for all the sci-
ences and more than 5 percent for engineering. (See fig-
lir(.' 5-8.) Consequently, the physical sciences declined
from 15.4 ptrcent to 12.8 percent of all investigators.
Engineering increased its share of total S&L, researchers
from 10.6 to 11.5 percent, and the social sciences (which
gained Ph.D.-level researchers more rapidly than did any
other broad field-see "Number of Academic Rest,archers,"
p. 125) increased from a 14.9-percent share to a 17.6-per-
cent share. greatest increase (176 percent over the
decade) was registered for researdiers in the computer
sciences. This increase was from a small base, however,
and the overall computer sciences total still represents
less than 3 percent of all academic S&E researchers.

The increase in researchers substantially exceeded
the increase in S&E employment in each major field.

Figure 5-8.
Annual growth rates of employed doctoral
scientists and engineers and those active in
academic R&D, by field: 1979-89

TOTAL SCIENCE &
ENGINEERING

Total sciences

Physical

Mathematical

Computer

Environmental

Life
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Social

Total engineering

1111116 Total employed
Active in R&D

0 2 4 6 8 10 12
Percent

NOTE: R&D includes both primal y and secondary work responsibility.
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Consequently, between 1979 and 1989 the rate of partici-
pation in academic R&D increased in all major fields, ris-
ing from 77 to 83 percent for engineering, and from 65 to
76 percent for the sciences. (See appendix table 5-20.)

Women in Academic R&D
The overall academic employment of women Ph.1).-

holders in S&E almost doubled between 1979 and 1989,
jumping from 19,196 to 36,610. Over the same period,
the number of mmien active in R&D more than doubled,
increasing from 11,192 to 26,746. (See appendix table
5-21.) Because of this high rate of increase-albeit from
a relatively small base-by 1989, women represented 17
percent of all academic researchers, up from 11 percent
a decade earlier. (See text table 5-5.) The proportion of
female researchers remained roughly in line with the
increased percentage of female doctoral scientists and
engineers in academic employment.

Almost half of all women doctoral researchers were
active in the life sciences. Relatively large proportions of
women, compared to men, were also found in the social
sciences and psychology. These three areas accounted
for 83 percent of all women researchers in 1989, com-
pare(l to 58 percent of all men. (See figure 5-9.)

Minorities in Academic R&D
The number of minority Ph.1).-holders-blacks,

Asians, Native Americans, and Hispanics-among aca-
demic scientists and engineers remained relatively small
in 1989 (23,999), as did their number among academic
researchers (20,138), (See appendix table 5-21.) Asians
continued to predominate among racial/ethnic groups,
comprising 68 percent of all minorities employed in
academia and 73 percent of the minority researchers.

Text table 5-5.
Women doctorate-holders in academic employment
and in academic R&D, by field

In academic
employment

1979 1989

In academic
R&D

1979 1989

Percent

Total science and engineering . . 12.5 18.1 11.1 17.3

Total sciences 13.7 19.9 12.3 19.1

Physical sciences 6.7 9.5 5.7 9.0

Mathematical sciences 7.4 10.1 6.1 8.8

Computer sciences 5.1 10.3 4.7 10.7

Environmental sciences 5.6 9.5 5.1 9.6

Life sciences 16.1 23,8 15.3 23.1

Psychology 22.1 33.0 20.7 32.0

Social sciences 14.4 19.7 13.2 19.8

Total engineering 1.0 2.8 1.1 3.1

See appendix table 5-21. Science 6 Engineering Indicators - 1991
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Figure 5-9.
Distribution of doctoral academic science and
engineering researchers, by gender and field: 1989

Environmental - 5% Computer - 3%
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See appendix table 5.21. Science & Engineering Indicators - 1991

Although the absolute numbcrs of nfinority doctorate
S&E researchers remained low, particularly 1or non-
Asians, there were much stronger proportional gains
Over the (keit& for min)rities-regardless of race/eth-
nicity-than for whites. The increase in minority doctor-
al employm('nt from P)79 to 1989 exceeded 70 percent;
that of researchers exceeded 90 percent, For specific
fields, the gains were much greater: environmental sci-
eilCeS, 14,1 percent; engineering and psychology, 115 per-
cent t.ach; mathematics and computer science, 96 per-
cent, (See t('xt table 5-6.) As a result, ditorities in 1989
comprI.,vd 11.9 percent of total academic S&L doctonite-
hoklers (up from 9,2 perc('nt in 1979) and 13.1 percent of
researclwrs (up front 10.5 perc('nt a decadt earlier),

Abtmt One-third of all minority researcheN wew in the
life sciences in 1989; this proportion was similar to that
of whites, Otherwise, field concentrations vary by
race/ethnicity. (See t('xt table 5-7.) Asians disproportion-
ately favor engimpring and the mathematical and com-
puter sciences compared to whites. Blacks and Hispanics
disproportionately favor the social sciences, (The num-
bers for Native Anwricans in the sample survey are too
small to alltm for meaningful breakdowns.)

Black and Hispanic Ph.D.-holders txperienced sub-
stantial i)ercentage increases from 1979 to 1989 in both
academic tmploynwnt and academic R&D. (See text
table 5-6.) For both doctoral blacks and Hispanics, the
numbers employed in academic positions almost dou-
bled. Tlw numbers involved in R&D increased even
more rapidly, rising by 137 percent for blacks and 151
percent for Hispanics. Tlw number of Native Americans
remained exceedingly low.

Text table 5-6.
Percentage change in minority participation in academic R&D and total doctoral employment, by field and
race/ethnicity: 1979-89

White Black Asian
Native All

American Hispanic minorities

Academic R&D employment
Percent

Total science and engineering 49.9 137.3 79.0 46.6 150.9 91.8

Physical sciences 24.1 225.5 29.4 136.1 53.4
Mathematical and computer sciences 56.5 125.5 117.8 145.0 123.9

Environmental sciences 56.0 110.6 210.7 147.5

Life sciences 51.7 93.8 60.0 43.5 93.3 66.9

Psychology 49.3 130.9 326.5 -13.2 183.3 171.7

Social sciences 75.9 115.1 121.4 50.8 311.1 141.9

Engineering 56.6 121.8 173.7 130.8

Total Ph.D. employment
Total science and engineering 28.3 91.7 64.8 44.9 92.8 71.8

Physical sciences 8.4 179.2 21.5 50.7 35.5
Mathematical and computer sciences 36.0 32.0 100.2 106.8 95.6
Environmental sciences 35.7 ' 117.6 171.8 143.5

Life sciences 37.6 77.2 57.9 73.9 74.6 62.4

Psychology 25.4 87.0 115.5 15.8 285.1 114.6

Social sciences 29.0 82.1 45.2 58.9 168.3 69.8

Engineering 47.4 * 125.2 45.7 115.4

* -- too few cases to estimate

See appendix table 5-21. Science & Engineering Indicators 1991
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This employment growth among minorities, however,
came from small numerical bases. Despite these steep
relative increases, only 3,299 black S&E Ph.D.-holders
were employed in academia in 1989 (1.6 percent of total,
up from 1.1 percent a decade earlier) and only 3,893
Hispanics (1.9 percent, up from 1,3 percent in 1979).
Among researchers, corresponding percentages were
1.3 percent for blacks (from 0.9 percent in 1979) and 2.0
percent for Hispanics (1.2 percent in 1979).

Changing Age Structure of Academic
Researchers

The average age of academic researchers increased in
the past decade, continuing a trend that began in the
early 1970s. The median age of academic researchers
rose from 38.7 years in 1973 to 39.7 years in 1979; it was
43.8 years in 1989.

Put another way, in 1973 only 25 percent of academic
researchers had earned their Ph.D. degrees more than
15 years earlier; this fraction had risen to 28 percent by
1979 and to 45 percent by 1989. (onversely, "young"
researchers (those who had earned their Ph.D. degrees
within 7 years of the survey date) comprised 47 percent
of the total in 1973, 36 percent in 1979, and only 28 per-
cent in 1989. (See figure 5-10.)

The increase in mean age was most pronounced in the
physical sciences and least pronounced in the life sci-
ences. In the physical sciences, the propm-tion of
researchers who had earned their doctorates more than
15 years ago increased from 25 percent in 1973 to 55 per-
cent in 1989. In the life sciences, the change was from 30

Text table 5-7.
Distribution of doctoral academic science and engi-
neering researchers, by field and race/ethnicity:
1989

White Black
Native

Asian American Hispanic

Total science and
Percent

engineering 100.0 100.0 100.0 100.0 100.0

Physical sciences . 12.6 14.9 13.12 2.5 13.7

Math/computer
sciences 8.4 5.6 11.2 9.3 10.2

Environmental
sciences 4.5 1.1 2.3 5.5

Life sciences 36.4 32.1 34.5 21.9 31.9

Psychology 8.7 10.6 2.0 10.0 2.7

Social sciences. 17.9 26.3 12.4 29.5 22.3

Engineering 10.4 5.5 22.4 11.5

= too few cases to estimate

SOURCE: Science Resources Studies Division, National Science
Foundation. unpublished tabulations.
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percent in 1973 to 41 percent in 1989. (See appendix
table 5-22.) The increasing age of academic researchers
mirrors (1) the rising average age of doctoral academics
in general, due to the large numbers of the Ph.D.-hold-
ing scientists and engineers hired during the 1960s and
(2) the lower academic hiring levels since the mid-1970s.

Increased Research Participation

A robust trend, evident over the past decade, shows
increasing research participation across all age groups.
(See figure 5-11.) Between 1979 and 1989, research par-
ticipation for all doctoral scientists and engineers rose
from 66.5 to 77.7 percent of total. This change was more
pronounced for younger Ph.D.-holders, but was not lim-
ited to them. (See appendix table 5-23.)

For example, in 1979, 70 percent of all academic sci-
entists and engineers within 7 years of receipt of their
Ph.D. degrees were engaged in research. The percent-
age increased for the subsequent cohorts and reached
88 percent in 1989. This upward trend appears to be sus-
tained as successive Ph.D. cohorts have aged. The rate
of research participation declines with increasing age,
but this decline was less in recent years than in the past.
For example, research participation of those more than
15 years beyond the Ph.D. degree rose from 63 percent
in 1979 to 72 percent in 1989. All major fields contribut-
ed to this increase. (See appendix table 5-23.)

Figure 5-10.
Age distribution of science and engineering
researchers, by years since Ph.D. award

Percer;L
100

80

60

40 8-10 years

20

15+ years

0
1973 1975 1977 1979 1981 1983 1985 1987 1989

See appendix table 5-22. Science & Engineering Indicators 1991
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Figure 5-11.
Academic scientists and engineers active in
research, by years since Ph.D. award
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Federal Support of Academic S&E
Researchers

Although the Federal Government's share of academic
R&D funding has declined from 67 percent in 1979 to
about 60 percent in 1989, a rising proportion of all aca-
demic researchers reported receiving at least some
Federal support for their work. Increases occurred for all
age groups and all major fields except the social sciences,
which essentially maintained their 1979 level of Federal
support. (See figure 5-12.)

The proportion of all S&E academic researchers with
ederal Government support inmased from 53 percent in
1979 to 59 percent in 1989. (Se(' appendix table 5-24.)
Between 65 and 75 percent of researchers in the physical,
environmental, and life sciences and in engineering
reported funding from a U.S. Government agency. "Illese
proportions were up from btqween 55 and 65 percent in
1979. Although only about 42 percent of those in the
mathematical and computer sciences reported such sup-
port, this constitutes an increase from 28 percent a decade
ago in these fields. The proportion of researchers in the
social and behavioral sciences rt Torting Federal support
remained unchanged. (See "Graduate Students in
Academic R&D,"p. 130, for related information on Federal
support of academic researchers.)

Rising Expenditures per Academic
Researcher

Academic R&D expenditures rose by 71 percent
between 1979 and 1989. Over the same period, the num-
ber of academic doctoral researchers rose 54 percent.

129

Correspondingly, inflation-adjusted spending per aca-
demic Ph.D.-level researcher also increased: up by 12
percent, from $82,870 to $92,890. The increased trend in
spending per researcher is similar to a rise in education
and related spending (in constant dollars) per student.

Outputs of Academic R&D: Scientific
Publications and Patents

The primary output of university research is new
knowledge, which is difficult to conceptualize and mea-
sure. An imperfect measure of knowledge, publication
counts, is reported here: these counts are based on a
fixed set of prominent U.S. and foreign journals.-"
Another indicator discussed in this section is patents
awarded to U.S. universities."

World Literature in Kly Journals
U.S. Share. U.S. academic institutions continue to

produce a substantial share of the world's new S&E
knowledge. In 1987, publications of authors at 11.5, insti-
tutions accounted for 36 percent of world publications in

Trite publication counts data used in thk section do not measure
total world output volume. instead, they are based on roughly :L200
technical journak traclu.d by the Institute of Scientific information in
Philadelphia. It k unclear what share of the total world S&L imblica-
tions this set of journals represents. Hata hvfore 1981 were based on a
smaller set of journals. and discontinuities in some trends at that flow
probably are due to this change.

"See chapter "Patented Inventions," p. 147. tor a discussion of the
limitations of patents data.

Figure 5-12.
Academic science and engineering doctoral
researchers who reported U.S. Government support
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Graduate Students in Academic R&D

In 1989, a record proportion-28 percentof the
growing r ,ntber of full-tinw S&E graduate students
was suppo, ,11 by research assistantships. (See figure
5-13.) Between 1979 and 1989, the total number of full-
time S&E graduate students increased 23 percent
(from 233,089 to 286,619) while the number whose pri-
mary source of support was a research assistantship
rose by 61 percent (from 49,118 to 79,151). As a result,
the percentage of all full-time S&E graduate students
supported by research assistantships increased from
21 percent in 1979 to 28 percent in 1989.

Since 1972, the Federal Government has provided
research assistantships to an increasing numberbut
roughly stable proportionof all full-time graduate stu-
dents (about 38,000 or 13 percent in 1989). However,
both the number and proportion of non-federally sup-
ported research assistantships have increased over the
period. This increase was particularly notable during
the 1980s: The number of non-federally supported
research assistantships increased from 21,000 in 1979
to 41,000 in 1989, or from 9 to 14 percent of all full-time
S&E graduate students. (See appendix table 5-25.)

The physical and environmental sciences and engi-
neering have the highest proportions of graduate stu-
dents with research assistantshipS (between 38 and 43
perc('nt), followed by the life sciences (30 percent).
These four areas also experienced the strongest 1979-89
increases in proportions of students supported. In the
mathematical and computer sciences, and in psychology
and the social sciences, 20 percent or fewer of graduate
students had research assistantships, and increases in
the proportions so supported were low. (See appendix
table 5-25; for nmre information on graduate *tudent

Figure 5-13.
Full-time science and engineering graduate
students with research assistantships, by field
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suppoN, see chapter 2, "Support of S&E Graduate
Students," p. 57.)

S&E. This figure has been steady since 1981, following a
modest decline in the 1970s. (See appendix table 5-26.)

In all fields. the U.S. share of world publications
exceeds that of any other country. In 1987, the United
States produced

22 percent of the world literature in clumistry,

30 percent o physics publications, and

Between 37 and 3 percent of the literature in the
other major fields.

Not all fields have maintained their share of the
worlifs production since 1981. altlmugh shifts thrmigh
1987 have mit exci.e(led 3 iwrcentage points. Since 1f181.
the U.S. share of papers in this set of journals has been
steady in earth and space sciences; increased in chem-
istry. physics. and mathematics; and declined in the
biomedical and biological scicnces and in engineering
and teclmology. (See appendix table 5-2(3.)

Foreign Country Shares. The United States contin-
uys to dominate the publications output in the roughly
3,200 journals covered here. Contributions from U.S.-
based authors accounted for 36 percent of the total in
1987; authors in all European Community countries
together accounted for another 213 percent. The United
KingdOM. West and East Germany (combined). the
SSR, and Japan each accounted for 7 to 8 percent;

France for 5 percent: and Canada for I percent. (See
appendix table 5-27 and figure 0-18 in Ov( Tview.)

Patents Awarded to U.S. Universities
The recent marked increase in university patenting is

an indicator of the expanding role played by academic
R&D in technology development. Tlw number of patents
awarded to U.S. universities increased sharply during
tile 1980s compared to the 1970s. (See figure 5-11) This
increase Was due ill part to a 198(1 change in U.S. patent
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Figure 5-14.
Patents granted to U.S. universities and colleges
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See appendix table 5-28. Science & Engineering Indicators 1991

law that alhms academic institutions and small busi-
nesses to retain title to inventions resulting front federal-
ly supported R&D. In 1990, U.S. universities received 2.4
percent of all I LS. origin patents, up from 1.0 percent a
decade earlier.

tIniversity patenting increased particularly rapidly dur-
ing the second half of the 1980s. In fact, 22 percent of
patents issued to U.S. academic institutions since 1969
were awarded in 1989-90. The strongest relative growth
occurred in health- and biomedical-related areas, which
rose from 12 percent of all academic patents in the early
1970s to 24 percent in the late 1980s. Chemistry (includ-
ing instruments and processes) also experienced a rela-
tive growth spurt. rising from 23 to 30 percent over the
same period. Concurrently, areas of electrical- and elec-

tmnic-related technologies (including data and informa-
tion processing) dropped from 24 to 16 percent of total
academic patents. (See appendix table 5-28.)

The largest research universities account for a large
and growing share of all academic patents. Among the
100 largest research universities, only 64 wer . awarded
any patents during the 1969-75 period: 89 received
patents during 1986-90, (See figure 5-15.) Over the same
period, patents awarded to the 100 largest research uni-
versities rose from below 75 percent of all academic
patents to about 85 percent. (See figure 5-15.)

Figure 5-15.
Patents awarded to top 100 academic research
performers
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See appendix table 5-29. Science & Engineering Indicators 1991
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Technology and Global Competitiveness

HIGHLIGHTS

The Global Markets for U.S. Technology
During the 1980s, the United States was consis-
tently the leading supplier of high-tech products
in the global marketplace. However, its lead posi-
fion declined from a 40-percent share in 1980 to a 37-
percent share in 1988. Japan and, to a lesser extent,
the United Kingdom increased their global market
shares during this period. See p. 136.

The market competitiveness of U.S. high-tech
industries varies by industry. Of the seven indus-
tries that form the high-tech grouping, three 11.S.
industriesthose producing scientific instruments,
drugs and nwdicines. and aircraftgained global
market share during the 1980s. Estimates for 1989-90
show only the instniments industry continuing to gain
market share. See p. 137.

Demand for high-tech products in the home mar-
kets of all industrialized countries was in-
creasingly met by foreign suppliers during the
eighties. Import penetration of U.S. high-tech markets
was deepest in the computer industry. Japan is still the
most self-reliant among the major industrialized coun-
tries. followed by the United States. See p. 138.

During the 1980s, the United States maintained
a consistent trade surplus in high-tech manufac-
tures and ran consistent deficits in other manu-
factures. The size of this surplus is declining, however:
The U.S. 1988 trade surplus in high-tech manufactures
was half the value of the 1980 trade surplus. See p. 140.

Industrial R&D
In all industrialized countries, the industrial sec-
tor is the leading performer of R&D. Except for
France, the share of national R&I) performed in the
industrial sector of these countries grew. Japan and
1Vest Germany showed the largest shifts to the indus-
trial sector between 1975 and 1988. See p. 142.

Private industry is the source of 50 percent of all
funds spent for R&D in the United States. In 1988,

Japan and West Germany had considerably larger
shares of their national R&D coming from private
sources, 70 and 63 percent, respectively. See p. 143.

U.S. expenditures for industrial R&D nearly
tripled during the 1980s in current dollars.
Ilowever, the rate of growth slowed considerably (lur-
ing 1984-89. In inflation-adjusted dollars, 1989 in(lustrial
R&I) expenditum; declined for tlu. first time since
1975. Estimates for 1990 and 1991 show this decline
continuing. See p. 143.

During the early 1980s, a renewed emphasis on
defense spending led Federal funding of industrial
R&D to grow at a faster rate than private funding,
reversing the pattern set during the two previous
decades. Since 1987, however, the trend has reverted
to the earlier pattern, with private financing again out-
pacing Federal support. See p. 144.

Company-financed R&D performed outside the
United States increased but at a slower pace than
that performed domestically during the first half of
the 1980s; it increased at a faster rate during the
late eighties. U.S. chemical and transportation in(lus-
tries had the highest levels of I?&I) performed over-
seas. See p. 146.

Patented Inventions
The number of U.S. patents granted to Amer-
icans has reversed its decline and has been
increasing since 1983. Foreign patenting trends in
the United States generally followed the U.S. trend,
although the number of foreign-origin patents granted
declined somewhat slower during 1976-83 and
increased somewhat faster after 1983. See p. 147.

Foreign patenting in the United States is highly
concentrated by country of origin. Inventors from
the European Comnmnity and Japan account for 80 per-
cent of all foreign-origin U.S. patents. Newly industrial-
ized countries, in particular Taiwan and South Korea.
dramatically increased their patent activity in the United
States during the last half of the 1980s. See p. 147.

The patenting emphases of U.S. and Japanese
inventors are reversed for many technology fields.
Japanese inventors patent primarily in photocopying,
photography, dynamic information storage and
retrieval, television, and motor vehicles. U.S. inven-
tors tend to be least active in these fields, but empha-
size biochemistry, petroleum, and communication
devicesthe first two of which are least emphasized
classes for the Japanese. See p. 150.

Americans actively patent their inventions around
the world. In 1989, countries in which U.S. inventors
received more patents than other foreign inventors
included Japan, West Germany, the United Kingdom,
Mexico, Brazil, and India. See p. 150.

Industrial Use of Technology

Seven out of ten IJ.S. establishments surveyed use
at least one advanced technoloz, in their manufac-
turing operations. Larger plants and those producing
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higher priced products are more likely to use
advanced technologies. See p. 154.

The most commonly used advanced technology in
U.S. manufacturing is the numerically controlled
machine; this is followed closely by computer-
aided design and engineering technology. See
p. 155.

Small High-Tech Business
High-tech business startups declined sharply in the
second half of the 1980s, following tremendous
growth during 1975-84. Companies involved in
advanced materials and photonics and optics fields
exhibited relative share growth during the latter half
of the eighties. See p. 157.

Over 65 percent of new high-tech companies are
located in 10 states. Yet compared to just 2 years
ago, the distribution appears to be leveling off with the

Introduction
Chapter Focus

The United States has long been considered a leader
in research and (levelopnwnt (R&D), technology, and
innovation. Standing at the hirefront of technology and
swiftly incorporating that technohigy into the country's
industrial base contributed to a robust econonw that pro-
vided Americans an enviable standard of living. (See fig-
ure 6-1.)

In the 1980s, however, U.S. leadership of the global
economy was challenged as Japan, West Germany,
andmore recentlycertain newly industrialized coun-
tries grew to be equal and increasingly superior competi-
tors in several U.S.-dominate(l markets. Contributing to
the economic success of these nations have been large
investments in MI) coupled with the development of an
infrastructure that facilitates the incorporation and use of
new technologies within their industrial sectors.
Competition from the newly industrialized countries is
expected to intensify during the 1990s as they increas-
ingly undertake new product development (see Porter
mid Roessner 1991 and Balk 1991).

The recent U.S. techm)logy policy articulated by the
President's Office of Science and Technology Policy
emphasizes the connection between a strong science
and technology (S&T) base and future economic growth
(see OSTP 1990). The development and deployment of
new technology within the U.S. industrial sector is seen
as "critical" for the 17nite(l States to prosper in the global
competition of the nineties and beyond (see National
Critical Techm)logies Panel 1991). Although there are
many other factors that determine a nation's ability to
compete in the global marketplace, this chapter focuses

135

top three statesCalifornia, Massachusetts, and New
Yorkall experiencing share declines. See p. 157.

Approximately 11 percent of small high-tech com-
panies are foreign-ownedup from 9 percent 2
years ago. The United Kingdom is the largest for-
eign holder of U.S. high-tech companies, followed by
Japan and West Germany. See p. 158.

Emerging Technologies
A U.S. Government assessment of world leader-
ship in 12 emerging technologies ranks the United
States as the leader in 5: artificial intelligence,
biotechnology, high-performance computing, medical
devices and diagnostics, and sensor technology; the
United States trails Europe and Japan in just one area
digital imaging technology. By 2000, however, the
United States is expected to have its leadership posi-
tion challenged in all five technologies. See p. 160.

on trends in industrial R&D and technology and the mar-
ket competitiveness of U.S. high-technology products.'

'As competition in the global marketplace intensifies. dic factors influ-
encing a nathm's economic competitiveness 111111tiply. Several of these
factors include the differing nathmal standards addressing the environ-
ment. worker ..ifety, product integrity, and worker compensation.
Another such factor of growing concern is the quality of a nation's edu-
cation system and its ability to train a workforce that can ()Penne the
new manufacturing technologies.

Figure 6-1.
Real gross domestic product per capita
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Chapter Organization
The chapter opens with a discussion of the global

competitiveness, in both foreign and domestic markets,
of manufactured products that incorporate high levels of
R&D. New data on royalties, fees, and techmilogy agne-
ments are used to gauge U.S. competitiveness in terms
of intangible (intellectual) property and technological
know-how.

The second section describes trends in imlu stria}
funding and performance of R&D, focusing particularly
on the high-tech manufacturing sector as it compares
with Other sectors of the I1.S. economy. A discussion of
patent activity follows which describes trends in I1.S. and
foreign activity in the United States, technology field and
industry, citation rates, and trends in foreign countries.
Next, information gained from a new Census Bureau
survey is presented on the industrial sector's use of
advanced technologies in manufacturing operations.

The role of small business in high-technology indus-
tries is explored next, primarily through new information
on the teclumlogy areas that seem to attract new busi-
ness formations, generate employment and export activi-
ty, and attract foreign capital. Sources of startup funding
for small business are also discussed.

The final section looks at the future in light of recent
U.S. polIcy statements that tacitly acknowledge the con-
nections between technology, industry, and IJ.S. compet-
itiveness. A discussion of the U.S. position in several
important technology areas vis-a-vis Japan and Europe is
included.

The Global Markets for U.S. Technology
The market competitiveness of a nation's technologi-

cal advances, as embodied in new pro,lucts and pro-
cesses, can serve as an indicator of the eifectiveness of
that country's S&T system. The marketplace thereby
provides a commercial-based evaluation of a country's
science and technology.

In the United States, two parallel developmentsthe
growing import penetration of the IT,S. doinestic market
and the large U.S. trade deficits of recent yearshave
drawn attention to the country's ability to compete in an
increasingly international economy. In particular, the
recent erosion of 11.5, coinpetitiveness in high-technol-
ogy product markets has led policymakers to examine
the role of the Nation's S&T in supprting and restoring
U.S. leadership in the global marketplace.

The fastest growing industries in the I1nited States are
predominantly high-tech ones (see ITA 1991, p. 16,
tables 4 an(l 5). High-tech industries generally

Invest more heavily in manufacturing technology
than do other manufacturing industries, and

Support higher compensation to the production
workers einployed." (See text table 6-1.)

For mon. extensive (lata on IVfIg (' earnings. see 111.5 (1991) and
Hadlock. Hecker. and Gannon (1990.

Consequently, high-tech manufactures have become
an important component of the U.S. gross economic
output and thereby of the U.S. standard of living.

This section discusses U.S. "competitiveness," broadly
defined as the ability of U.S. firms to sell products in the
marketplace. The concept of a nation's global competi-
tiveness incorporates both its ability to export and com-
pete against imports in the home market. The analysis in
this section relies heavily on data compiled by the
Organisation for Economic Cooperation and Devel-
opment (OECD) and thf: ITS Department of Commerce
(DOC).3

Throughout this section, industry-level data are pre-
sented for manufactured goods disaggregated by (1)
those industries producing products that embody above
average levels of R&D in their development (hereafter
referred to as the high-technology industries) and (2) all
other manufacturing industries.'

The Global Market

The global market for high-tech manufactured goods
is growing at a faster rate than that for otlwr manufac-
tured goods, In constant dollar terms (1980). global pro-
duction by high-tech industries nearly doubled from
1980 to 1988, while production in other manufactering
industries grew by just 16 percent, (See appendix table
6-2.) Output by high-tech industries represented 25

'Elie OECD member countries account for over 75 percent of glob-
al exports of manufactured goods and account for an even higher
percentage ot overall exports of high-technology goods (ITA 1985, p.
43). The 25 countries winding to OECD an. Australia. Austria, Bel-
gium/Luxembourg. Canada, Denmark. Finland. France. Greece.
Iceland. Ireland. Italy. Japan. The Netherlands, New Zealand.
Norway, Portugal, Spain. SweOun, ..-.vitzerland. Turkey. the United
Kingdom, the United States, West Germany. and Yugoslavia
(Yugoslavia participates in OECD with a special stat(is).

Although the OECD data set does not include several nations of
increasing importance i» technology marketsmost notably. the
East Asian newly industrhdized countriesit does provide a reason-
abk appmximation of global commercial activity.

'For purposes of this analysis. the following industries make up the
high-tech category (International Standard Industrial Classification
ISI( --codes an. in parentheses):

Industrial chemicals (ISIC 351).
Drugs and medicines (ISIC 3522),
Engines and turbines (ISIC 3821).
Office and computing machinery (ISIC :1825),
Communication equipment (ISI(. 3832).
Aerospace (1SI( 38E). and
Scientific instruments (ISIC:185).

ilit categodzation used here is more restrictive than the Department of
Commerce's DOC-3 high-technology category which includes "space
technologies'. and onhiance. See ITA (1983). Other manutacturing
category does not include agdeulture or services.

'Die conversion into constant 1980 dolhirs k done in two steps:
1. Vroduct-specilic price changes are nquoved by deflating the cur-

rent dolhir series lot. each product category (for a)l countries)
using the price index (198)) 1,10 for the corresimmding industry
in Data Resources. Inc./NleGniwililrs 130-sector inter.industry
model of the 1..S. economy.

2. All production series for a given country are multiplied by thu
ratio of the U.S. gross national product deflator to the gross
domestic product deflator of that country to adjust for dillerences
in the general rate of inflation.
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percent of global production of all manufactured goods
in 1988, up from 17 percent in 1980.

During the 1980s, the United States reigned as the
leading producer of high-tech products, although its lead
wasand continues to bechallenged, primarily by
Japanese industry. (See appendix table 6-3.) While the

share of global shipments of high-tech manufactures
declined from 40 percent in 1980 to 37 percent in 1988,
Japan's market share increased horn 18 to 27 percent.
Estimates for 1989 and 1990 indicate a continued decline
in U.S. market share." European producers (those in the
12 countries of the European CommunityEC') also
experienced a decline in high-tech global market share
during the 1980s. A notable exception among the EC
countries was the United Kingdom, which increased its
market share slightly during this period. (See figure 6-2.)

In the increasingly competitive environment of the
1980s, the United States, Japan, and Europe moved
resources toward the manufacture of higher value, tech-
nology-intensive goods and away from more labor-inten-
sive manufactures. In 1988, U.S. high-tech manufactures
represented 29 percent of total U.S. production of manufac-
tured output, up from 20 percent in 1980. High-tech manu-
factures accounted for 21 percent of Europe's total produc-
tion in 1988, compared with 16 percent in 1980. (See

"Estimates for I t)89 and 1 )90 Were provided by Data Resources,

Figure 6-2.
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Text table 6-1.
Capital expenditures and wages, by industry: 1988

Capital
expenditures per

Industry and SIC code production worker
Average

h, ,ly wage

High-tech manufacturing
Space propulsion, 3764 $16,642 $17.25
Aircraft, 3721 7,296 16.01

Chemicals, 28 22,650 13.20

Computers, 3571 20,581 10.75

Other manufacturing
Furniture, 251 1,318 7.33
Footwear, 314 642 6.11

Apparel, 23 720 6.35

SOURCE: International Trade Administration, Department of
Commerce, 1991 U.S. Industrial Outlook, (Washington, DC: DOC,
1991),

Science & Engineering Indicators 1991

appendix table 6-4.) But Japanese economy made the
greatest leap forward in this respect, virtually pulling even
with the Iinited States in 1984 and surpassing it by 1987.

The market competitiveness of individual U.S. high-
tech industries varies. (See figure 6-3.) Of the seven
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Figure 6-3.
U.S. global market share, by high-tech industry
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industries that form the high-tech grouping, three U.S.
industriesthose producing scientific irv,:truments, drugs
and medicines, and aircraftgained global market share
during this 1980s. Estimates for these sante industries for
198940 show only one, scientific instruments, continuing
to gain global market share. Estimates for the 1.J.S. aircraft
indusny are far less optimistic; they suggest a loss of mar-
ket share, primarily to European aircraft produceN.

The Home Market

A. country's home market is often thought of as the
natural destination for its manufactured output. For obvi-
ous reasonsincluding proximity to the customer and
common language, customs. and currencymarketing
at home is easier than marketing abroad.

But in today's global marketplace, the most competi-
tiw product in terms of price, quality, and ability to sat-
isfy tlw customer's needs wins the saleregardless of
its origin. Thus, in the absence of prohibitive trade bar-
riers, the intensity of competition faced by domestic
producers in their home market can approach and
even exceed the level of competition faced in foreign
markets. Given this large size and appetite of the U.S.
nmrket, examination of U.S. competitiveness at honw
is critical to an understanding of tlw country's global
competitiveness.

Import Penetration: High-Tech Markets. During
the 1980s. deniand for high-tech products in the honw
markets of the major OECD industrialized countries
was increasingly met by foreign suppliers. (See figure

(i4) Imports supplied about 8 percent of U.S. purchas-
es of high-tech products in 1980; by 1988, this percent-
age had risen to 15 percent. Euroiwan economies are
more heavily dependent on foreign technologies than is
the United States. For example, in 1980, imports sup-
plied 29 percent of the United Kingdom's domestic con-
sumption of high-tech manufactures; by 1988, the
import share rose to 39 percent. West Gernmny import-
ed 25 percent of its high-tech product needs in 1980
and 35 percent in 1988.'

The Japanese home nmrket, historkally the most self-
reliant, also increased its purchases of foreign technolo-
gies during the 1980sbut only during the latter half of
the decade. From 1980 to 1985, imports of high-tech man-
ufactures fluct uated around 6.5 percen t o f Japan e

donwstic consumption. By 1986, these imports rose to
8.4 percent and to 8.8 percent by 1988. Estimates for 1989
and 1990 suggest a continuation of this upward trend.

Import Penetration: Japanese and U.S. Home Mar-
kets, by Industry. Both the U.S. and Japanese domestic
markets are becoming increasingly internationalized in
all high-tech industries. (See figure 6-5.) For example,
during the 1980s, the U.S. computer industry experi-
enced the greatest rate of increase in import competition
from other industrialized countries. especially Japan.'
Foreign suppliers made significant gains in several high-
tech industries in Japan; however, these industries tended

Throughout this chapter, data for Germany an. for West Germany
alone and do not include the former East Germany.

'Information On the source of imports k derived from product-level
trade data.

Figure 6-4.
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Figure 6-6.

U.S. share of foreign markets, by industry
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in exports in 1988 as did West Germany's industrial
chemicals and drug in(lustries.
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U.S. Trade Balance

During the 1 )80s, the United States maintained a con-
sistent trade smplus for the identified high-tech manu-
factures, but ran consistent deficits in Other manufac-
tures: Trade balances for both categories declined Over
the period. (See figure 6-8.) In several European coun-
tries, high-tech trade surpluses rose through the mid-
eighties, then fell sharply through 1988. Among the
industrialized countries, only Japan experienced steady
growth of its high-tech manufactures trade surplus dur-
ing the decade. (See figure 0-23 in Overview.)

Tlw U.S. trade surplus in high-tech manufactures in
1988 was half the size of its 1980 trade surplus. Again,
the U.S. dollar's rollercoaster ride (hiring the eighties
affected 11.S. competitiveness in the home market as well
as in foreign markets. Six of seven 1.S. high-tech indus-
tri(s showed deteriorating trade balances (luring the
1980sthree (communications equipment, engin(s and
turbines, an(1 scientific instruments) experienced trade
deficits. Tlw aircraft industry had a sharp decline in
its trade surplus through the mid-eighties before recov-
ering and exceeding the 1 980 surplus in 1988.

Percent
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Science & Engineering Indicators 1991

Royalties and Fees From Technology
Agreements

Receipts and payments for patents and t(.Thnical
knowledge ae another indicator of firms technological
prowess. Transactions among unaffiliated firmsin
which prices are set through a market-related bargain-
ing processtend to reflect the exchange of technol-
ogy and its market value at a given point ill time. The
record of the resulting receipts and payments also
provides an indicator of the production and dithision of
technical knowledge.

All Agreements. The t 'nite1. States is a net expor-
ter of technology sold as intellectual property. Royal-
ties and fe(s received from foreigners have been, on
average, almost four times that paid out to foreigners
by U.S. firms for access to their technology. U.S.
receipts from such technology sales totaled 81.9 billion
in 1989, up from 81.6 billion in 1987. (See appendix
table 6-9.)

Japan is the largest consumer of U.S. technology
sold in this manner. In 1989, Japan accounted for 47
percent of all such 1.S. receipts, while the Western
European countries together represented 27 percent.
South Korea increased its purchases of techno-
logical know-how sharply during the 3 years for which
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Figt. e 6-7.

U.S. share of global exports, by industry
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data are available, becoming the second largest con-
sumer of 11.S. industrial processes with a 9-percent
share in 1989, up from just a 2-percent share in 1987.
(See figure 6-9.)

To a large extent, the U.S. surplus in the exchange
of intellectual property is driven by trade with Japan
and the newly industrialized Asian countries. In 1989,
U.S. receipts were nearly eight times its payments in
licensing transactions entered into with Japan. On the
other hand, the U.S. trade surplus with Europe in
sales of technological know-how declined over the
past 3 years (1987 to 1989). West Germany represent-
ed the largest European trading partner in these trans-
actions; it was also the only country in the world with
which the United States had a persistent technical
knowledge trade deficit.

New Agreements. The total flows of receipts and
payments of royalties and license fees are generated
both from new agreements and tlu)se made in previous
periods that are still in force. The data discussed above
thus do not reflect current U.S. technology flows result-
ing from new agreements. Although data on receipts and
payments from new technology agreements are not
available from U.S. sources, the Government of Japan
has developed data that disaggregate receipts and pay-
ments by new and existing agreements. (See appendix
tables 6-11 and 6.12.1 Since Japan is the dominant
customer for U.S. technology sold through this channel

and is a major force in high-tech fields, these data pro-
vide useful insight about the relatively high level of U.S.
technology sold via new technology agreements.

Figure 6-8.
U.S. trade balance in manufactures
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See appendix table 6-8. Science & Engineering Indicators 1991
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Figure 6-9.
U.S. royalties and license fees generated by
exchange of industrial processes: 1989
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From 1984 to 1988. tlw United States entered into. on
average. over 900 new agreements per year with Japan
hwolving the exchange (both purchase and sak) of tech-
nological know-how. There were close to three new
agreements calling for U.S. exports to Japan of techno-
h)gical know-how for every one that represented a IJ.S
import of Japanese technology. The average value of
these agreements was fairly equitableabout 37 million
yen (S285,000) per agreement for Japanese purchases
and 34,7 million yen (S267.000) for those agreements in-
volving Jawinese sales of technological know-how to the

Figure 6-10.
National R&D expenditures, by sector of performance

United
States

See appendix table 6.13.

Japan West Germany France

nited States." Tlw I I.S. trade surplus in these high-tech
sales with Japan nearly tripled in sim during this 5-year
period. In 1988, Japan entered into 11 times as many
agreements for the purchase of techlological know-how
with tlw United States as with its next largest trading
paiTher, West Germany.

Japan apparently continues to consider the United
States a fertile field from which to harwst new advances
in technology. The surplus the United States enjoys in its
technological know-how trade with Japan does not rely
solely On technological advances developed in the past
but is supported by current inventive activity as well
Although sales of technological know-how contribute
psitively to the balance sheets of U.S. firms and the
economy in the short term, there has been ongoing con-
troversy regarding the long-term consequences.''

Industrial R&D
International Comparisons

In all industrialized countries, the industrial sector is the
leading performer of R&D. In the United States. more than
73 iwrcent of all R&D expenditures are for R&D per-
formed in industry (1988). (See appendix table 6-13.)
Among Other large industrializ.ed market economy coun-
tries. West Germany has a similar share of R&D per-
formed by industly. Japan, the ilnited Kingdom. and
especiallyFrance have somewhat lower shares, although
even in France about (j0 percent of national R&I) expendi-
tures are in industiy. (See figure 6-10.) Except for France,

"Converted at an exchange rate of 130 yen per l'.S, dollar.
'In 1988. the United States had a surplus of approximahly S200 mil-

lion generated from new technology agreements with Japan, but suf-
fered a deficit in high-tech merchandise trade With Japan of S5 s22
billion (depending upon the definition use(l). Rccent developments in
the aerospace influstiy typify the controversy. In this industry, as inter-
national joint production ventures grow te.g.. l'SX codevelopment with
Japan, General Dynamic's l'-10 coproduction program with Turkey,
and the 1-18 copro(luction program with Smith Korea). exports of com-
plete l!.S,-built aircraft could decline in the future.

United
States

IIII Industry IP Government Academia

Japan West Germany France

LII Private nonprofit institutions

Science & Engineering Indicators 1991
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these percentages represent increases in the share of
R&D i)erfornml in industry OVer the 197:i-88 period. Japan
and West Germany showed the largest shins to the indus-
trial sector.

Private industry was the source of 50 percent of all
funds spent for R&D in the United States; the Federal
Government funded most of the remainder. Nearly all of
industry's funding was directed toward R&D that would
be performed within industry. About 1 percent was spent
on university research and almost 1 percent on research
in nonprofit institutions. Compared to the United States,
Japan and West Germany received considerably larger
shares of their national R&D funds from private sources.
France and, until recently, the United Kingdom had less
of their R&I) funded by industrial sources.'''

Since the early 1970s, the trend in all five countries has
been for an increasing percentage of national R&D to be
financed by industry. (See figure 6-11 and append:7( table
4-2.) In the fnited States, however, the trend rose until
1982 and remained more or less stable through 1991.

' 'The data for Fnince iind the I 'nited kingdom include R&D binding
provided by public. as well as private. Corporations. The Icyvl of private
thnding for their industrial R&D was therefore hnver than is shown on
figure 6-10.

Figure 6-11.
National R&D expenditures, by source of funds

143

This leveling off was primarily due to the buildup of fed-
erally supported R&D for defense (hiring the 1980s.

Industrial R&D Expenditures
Funds for industrial R&D come almost exclusively

from two sources: private industry itself and the Feckral
Government." Total estimated current dollar expendi-
tures in the United States for industrial R&D increased
markedly between 1979 and 1989, rising from $38.2 bil-
lion to $101.6 billionan average annual increase of
close to 10.3 percent. Current dollar estimates for 1999
and 1991 show continued growth. (See appendix table
6-15.) After Austing for inflation, however, the growth
rate of industrial R&D is reduced to 5.2 percent per year
during 1979-89, with a significant slowdown occurring
during the last 5 years. From 1979 to 1984, industrial
R&D expenditures grew at an annual rate of 7.4 percent

"Some companies perform "independent research and develop-
ment." HUD is in-house MD intended to better prepare the compa-
nies to bid On Natiomil Aeronautics and Space ,Administration or
I hpartnient of Defense projects. Some of these expenditures are later
reimbursed by the agency as overhead charges allocatiql (II contracts.
MD expenditures represent II 5.5 than 5 per('ent of tUtu 1&I ) expen-
ditures by industry. See chapter 4. "Independent Research and
Developtwan." p. 98,

_

United
States

See appendix table 6.13.
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in constant dollars compared with 3.0 percent during
1984-89. And by 1989, constant dollar expenditures actu-
ally declined--the first tinw this had occurred since
1975. Estimates for 1990 and 1991 indicate that industrial
R&D expenditures continued to declhw in inflation-
adjusted dollars. (See figure 6-12.)

Trends in Company and Federal Funding
From the eady sixties through the early eighties, tlw

share of industrial R&D funding provided by companies
tlwinselves increased steadily. By 1984, private financing
supported close to fi9 percent of industrial R&D
mance; in tlw eady sixties, only about 42 percent was
self-financed. (See figure 6-12.) This trend was reversed
as the militaty buildup that began in the early eighties
led the Federal contribution to first keep pace withand
to later increase more rapidly thanthe private contribu-
tion. Since 1987, however, private financing has again
outpced Federal sipport.

During the 1960s, private funding for industrial R&D
increased at an average rate of (i.fi percent per year, in con-
stant dollars, while Federal support increased by 1.4 per-
cent per year. Both private and Federal support for indus-
trial R&D were cut back in the seventies: Private funding
growth shmed to 2.8 percent annually, and Federal fund-
ing actually declined in inflation-adjustM dollars

In the 1980s, IJ.S. policy refocused Federal funding
toward development and upgrading of military technolo-
gies. U.S. industry was driven to escalate new product
development in tlw face of growing foreign competition.
Consequently, both private and FethTal funding of indus-

Figure 6-12.
U.S. industrial R&D expenditures, by source of
funds
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See appendix table 6-15. Science & Engineering Indicators 1991

trial R&D increased significantly when compared with
the pITViolls decadeprivate funding doublod its growth
rate to 5.4 percent a year, while Federal funding actually
grew almost as fast at 4.5 percent per year. Most of this
growth took place in the first half of the decade. The
awrage annual growth rate during tlw cmly eighties was
twice that of the latter half.

Estimates for 1990 and 1991 indicate that both Federal
and company funding of industrial R&D declined when
inflation is taken into account. The decline in Federal
support stems from concern over tlw Federal budget
deficit. The decline in company R&D funding can be
attributed to several factors, including the following:

Profit margins haw been squeezed f(w some tinw
because of the rise in competition that accompanies
the increasing globalization of markets.

The above factor, conthined with the general soft-
ness in demand f(n. industrial outputs evident in the
past few years, has caused indusuy to look for ways
to reduce its costs.

In some firms, R&D labs have been decentraliz.ed,
bringing them closer to company manufacturing
operations as the result of restructuring and/or cor-
porate mergers (SRS 1989 and SRS 198`).

Expenditures for Individual Industries
Indivi(lual industries show vet)/ different trends in their

R&D expenditures and in the shares of those expendi-
tures supported by private and Federal smirces. For pur-
poses of this analysis, industries are divided into three
general groups: high-tech manufacturing, other manufac-
turing, an,Inonmanufacturing (including services),''

During the 1979-89 period, the high-technology manu-
facturing group's share of industrial R&D expenditures
fluctuated narnmly around a 51-percent share of the
total: concurrently, tlw share for all otlwr manufacturing
industries declined from 37 to 33 percent. Althonigh non-
manufacturing industries accounted for the smallest
share of the three groups, this was the only group whose
share grew, doubling the 4-percent share it hdd in 1979
to an 8-percent share in 1989.

From 1979 to 1989a rollercoasto period of economic
slowdown followed by prolonged growth and a subse-
cpwnt !cycling offtotal industrial R&D rose by an aver-
age of 5,2 percent iwr year in constant dollars. During
this tinw, R&D within the three industry groups in-
creased as follows:

The nomnanufacturing category includes all service-related and
mining Standard Industrial Classification (SI() codes: it does not
include agriculture SICs. Appendix table tf-Iti lists the SIC code:
included, along with tren(Is in l&I) expenditures.

The lligh-tech manutfouring industries selected an' those generally
identified its having comparatively high(r levels of l&I) as a propor-
tion ol sales. !hie Olistis liureau requireincnts i() protecl tlii eonti-
dentiality ot firm (lata, industrial l&I) dala ae not available tor all
industries normally included ill the high-tech category.



Science & Engineering Indicators - 1991

High-tech manufacturing-5.2 percent per year,

Other manufacturing-3.9 percent per year, and

Nonmanufacturing-12.8 percent iwr year.'"

Within the high-tech manufacturing group, several
industries experienced above average R&D growth
chemical and allied pmducts (including pharmaceuti-
cals), electmnic components, conununication equipment,
and iterospace. (See figure 6-13.) Firms whose primary
activity involves providing computer-related and engi-
neering services accounted for nearly half of the nonman-
ufacturing group's R&D expenditures and were responsi-
ble for most of the increases exhibited during 1987-89.

Trends in Funding for Individual Industries
Company funding in high-tech manufacturing indus-

tries went up 5.2 percent per year during the 1980s after
adjusting for inflation: it went up 4.8 percent per year in
other manufacturing. (See appendix table 6-18.) Private
funding of industrial R&I) performed by nonmanufactur.

The rapid rate of growth in MD expunditures reported for till
nonmanufacturing sector (luring the 1980s niay he distorted by efforts
to improve coverage of the service sector in the National Science
Foundation's annual Survey M. Industrial Research and Development
starting with the Ittti": survey. Althmigh adjustments have holt made
to link data from pftvious samples. it remains uncertain whether the
effects of the resampling have been cianpletely remove(l.

Figure 6-13.
R&D expenditures, by industry group
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ing industries grew at an average annual rate approach-
ing 15 percent during this period, exceeding the !-).5-per-
cent rate of growth in Federal support to this group. But
in all three industry groups, funding of R&D slowed dur-
ing the latter part of the decade. (See figure 6-14.) Two

Figure 6-14.
Real growth rates in funding of industrial R&D, by source and sector of performance
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of the industries in which company-financed R&D grew
fastest, the chemicals and computer manufacturing
industries, were also faced with declining Federal sup-
port during this time.

Certain manufacturing industriesparticularly aircraft
and missiles and communication equipment, all of which
have special !unitary importancereceived especially
large portions of their R&D support from Federal sources.
(See figure 6-15.) The Federal Government also provided
a large share of R&D funding to certain nonmanufactur-
ing industries. In 1989, it supplied nearly half of the R&D
funds used by firms whose primary activity involves R&D
and testing services and one-third of the R&D funds used
by computer-related and engineering services firms.

In constant dollars, Federal support increased at an
average rate of 4.5 percent per year from 1979 to 1989;
this increase was directed to certain industries. In partic-
ular. Federal funding increased by an annual average of
7.7 percent per year in aerospace, 7.4 percent per year in
fabricated metal products, and 7.7 percent per year in all
nonmanufacturing. (See appendix table 6-17.) Federal
support for R&D in the nonmanufacturing industries
group more than doubled in constant dollars during this
time, registering an annual increase of 9.5 percent. As

Figure 6-15.
Share of industrial R&D funding provided by
Federal Government: 1988
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noted earlier, Federal support to this group is substan-
tially less in absolute dollars than that allocated to the
manufacturing groups.

Company-Financed R&D Performed Outside
the United States

From 1979 to 1989. U.S. firms generally increased
their funding of R&D perforined outside the country.(See
appendix table 6-20.) This funding growth did not keep
pace with the rise in company-financed R&D performed
within the United States, however. The share of total
company-financed R&D performed outside the United
States declined steadily from the period high of 9,7 per-
cent in 1979 to a low of 6.0 percent by 1985. From 1985 to
1989, 11.5. firms overseas R&D increased faster than that
performed domestically, with its share rising to 8.5 per-
cent by 1989. Nonetheless, this share was still below the
1979 level.

The industries with the highest levels of company-finan-
ced R&D performed overseas in 1989 were chemicals and
allied products-10.1 percentand transportation equip-
ment (especially motor vehicles an(l aircraft)-12.2 per-
cent. (See figure 6-16.) Nonmanufacturing industries had
the lowest share of privately financed R&D being con-
ducted overseas, despite an almost threefold increase in
this share during the eighties, from 0.6 percent in 1979 to
1.6 percent by 1989.

Figure 6-16.
Share of company-financed R&D performed
outside the United States, by industry
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Patented Inventions',
One of the important benefits of R&D is the stream of

new technical inventions that may in turn be embodied
in innovationsi.e., in new or improved products, pro-
cesses, and services. Patenting trends can serve as an
indicatoralbeit one with certain limitationsof the
success of I J.S. industry in producing such innovations.''
Specifically, Grilkhes (1990) and others suggest that
patent data provide good indicators for measuring tech-
nical change and inventive input and output over time.
Further, U.S. patenting by foreign inventors enables
measurement of the levels of invention in those foreign
countries (see Pavitt 1985). Foreign patenting can also
serve as a leading indicator of new competition in a coun-
try's home market. This section describes broad trends
in patenting over time, by field, and by industry by both
U.S. and foreign inventors. It briefly discusses patenting
trends in foreign countries and describes an indicator
that attempts to identify technically important patented
inventions. In addition. information on patenting activity
in other countries is presented. (See "Patenting Activity
in Foreign Countries,7 p. 150.)

Granted Patents by Owner

Patents Granted to Americans.' From 1977 through
1983, the number of patents granted to Americans de-
clined irregularly.'" This trend was reversed at about the
time the United States came out of the recession of the
early eighties; patent grants to Americans have been
increasing fairly rapidly since then. By 1989, U.S.-origin
patenting registered a new high when about 50,000
patents were granted to U.S, resident inventors. However,
foreign patenting in the United States rose at a quicker
rate in the post-recession period (1983-90) than did U.S.

Although flit. 1..S. Patent and Trademark Office grants several
types ol patents (e.g., design paten(s). this discussion is limited to util-
ity patents, which are commonly known as "patents for inventions."

Patenting indicators, whik. instructive and convenient, have sonw
well-known drawbacks, including the following:

Inromptetenessmany inventions are not patented al all, in part
because laws in some States already provide for the protection of
industrial trade semis.
Inronsistenry actwss industriesindustries vary consid rably in
their propensity to palen1 inventions: consequently. it is not advis-
able to compare patenting rates between different technologies or
industries,
bromsistenry in qualitythe inventions patented can vary consid-
erably in quality. (Patent citation rates, discussed On pp. 152-5:1,
are One method for daling with this question of varying (Iuality.)

h.spite these and other Ihnitations, patents provide a unimie and con-
venient source of information on innovation.

' The l'.S. Patent and "Fradeniai'k Office gnints patents to both I '.S.
and foreign inventors. Patent origin is determined by the residence at
the time tot grant of the first-named inventor as specified on the lace 01
the patent. Patents "granted to Americans° are actually C.S.-origin
patents.

'The number of patclits granted to all countries dipped in 19111
because the Patent Office could not anoni to print all the patents
approved that year.
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domestic patenting-8.6 versus 5.3 percent per year.2'
(See figure 6-17 and figure 0-21 in Overview.)

Patents granted to American inventors can be fur-
ther analyzed by patent ownership at the time of grant.
Inventors who work for private companies or for the
Federal Government commonly assign ownership of
their patents to their employer; self-employed inven-
tors usually retain ownership of their patents. The
owner's sector of employment is thus a good indication
of the sector in which the inventive work was done. In
1990, 71 percent of granted patents were owned by
corporations." This percentage has varied within a nar-
row range (between 70 and 74 percent) since 1970.
Consequently, trends in U.S. patenting are by and large
trends in patenting by corporations. (See figure 6-18.)

Individuals are the next largest group of patent own-
ers. In 1970 individuals owned 21 percent of patents
granted. Their share rose to 27 percent in 1980 and was
26 percent in 1990. The Federal share of patents has var-
ied from a high of 4.1 percent in 1976 to a low of 1.8 per-
cent in 1988 and 1989..2' Finally, about 1 percent of
patents granted to American inventors are owned by for-
eign corporations or goventm(ffits.

In 1989 the number of patents granted in the United
States jumped 22 percent."' U.S. inventors received 53
percent of the U.S. patents granted that year, represent-
ing the first upturn in their share of granted patents
since 1977. The increase in U.S. share is a reflection of
the successes of individual inventors. The patenting
share for U.S. corporations actually declined in 1989, and
U.S. Government-owned patents accounted for about the
same share of total as in 1988.

Patents Granted to Foreign Inventors. The num-
ber of I J.S. patents granted with foreign origin also
increased sharply in 1989, although not as dramatically
as did those with U.S. origin. Thus, the share of total
patents granted to foreign inventors in 1989 fell from
48.1 percent in 1988 to 47.5 percent. Of new U.S. patents

'Roth l*.S, and foreign patenting declined from 1987 to 198m. Tffis
decline, one of many Oscillations that appear in patenting data by year
of patent grant, may toe due to the especially low number el patents
awarded in 1986 because of budget restrictions al the Patent Office.
This development, in turn, led to an unusually high nunilpr of patent
grants in 1987 as patents were carried over into that year. Also, utility
patent applications dropped in 11183. Since it can take 2 to 3 years
before a successful application matures into a patent, this drop may
also have contributed to the low number of patent grants in 11186. Sue
liranted Patents by I )ate of Application," p. 149.

'About 2 per('ent of patents granted to Americans in 1981) wen owned
by universities and colleges. Patent Office counts these as being
owned bY corPorations. For lurther discussion of academic patenting, S(4'
chapter "Patents Awarded to U.S. l'niversilies," pp. 1:11)-31,

Federal inventors freqw,ntly (obtain a statutory invention registra-
tion (SIR) rather than a patent. An SIR is not (ordinarily subject to
examination and costs less to obtain than a patent. Also, an SIR gives
the holder the right to I1S( flit' invention but does not prevent others
from selling or using the invention as well,

'Part 01 this increase may lot. attributed to Patent Office etforts to
reduce "pendency," the time between receipt 01 a patent application
and completion of its processing.
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Figure 6-17.
U.S. patents granted, by nationality of inventor
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See appendix tables 6-21 and 6-22.

with foreign origin, those owned by individuals
increased in number but declined as a share of the 1989
total, as did those Owned by foreign governments.
Foreign corporation-owned patents increased in suffi-
cient numbers in 1989 to maintain their share of total
from 1988. Among 1989 patents with foreign origin, only
those granted to U.S. entities increased both absolutely
and relatively.

Foreign patenting is highly concentrated by c()untry of
origin. (Se(., figure (3-19.) Since 1975, Japan has received
more U.S. patents than any other foreign country.
Japanese inventors have steadily increased their share,
receiving 22 percent of all U.S. patents in 1990. com-
pared with under 10 percent in 1977. West German
inventors received around 9 percent of IS. patents from
1977 to 1990generally rising slightly through 1980 and
declining slightly thereafter. The share of 17.S. patents
owned by l'nited Kingdom inventors followed an irregu-
lar but declining trend during 1977-90, dropping from a
high of .1.1 percent in 1977 to a low of :L1 percent in
1990. Over this saine period. the French share fluctuated
narrowly around 3.3 percent. (See figure 0-21 in
Overview.)

Comparing foreign patenting growth rates in the
United States in the wake of the 1980s recession
rcycals the expanding roles of apan zinc) Europe as
technology competitors as well fts identifies several
other countries with a demonstrated capacity to gener-
ate new technologies. During the 198:1-90 iwriod, the
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Figure 6-18.
U.S. patents granted, by class of owner
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average U.S. patenting growth rate was 8.6 percent per
year among foreign countries. Countries with above
average growth rates were

"!aiwan, 41.3 percent per year (731 patents grante(l
in 1990);

South Korea, 3).0 percent per year (224 patents):

Hong Kong, 20.6 percent per year (52 patents);

Japan, 12.0 perc('nt per year (19,444 patents);

Sweden, 10.5 percent per year (1,257 patents); and

Switzerland, 9.2 percent per year (1,848 patents).

The patenting growth rate for the It 4fited States during
this time was 5.3 percent per year (47,195 patents).
Despite the dramatic recent increase in patent activity by
the newly industrialized countries of East Asiaparticu-
larly Taiwan and South Koreathese countries, as a
group, accounted for just over 1 percent of the U.S.
patents granted in 1990.
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Granted Patents by Date of Application'

Patent data by year of grant show considerable oscilla-
tion from year to year, primarily because of fluctuations
in the rate at which the Patent Office processes applica-
tions. To wmove the effect of these fluctuations, granted
ptents can be allocated to the years in which they were
applied for. The application date is roughly 2 or 3 years
before the year of grant and is thus closer to the time at
which the invention actually took place. When displayed
by year of application, patenting data show much
smoother trends.

Because the Patent Office has not yet completed dui examination
process for numerous appfications filed during 1987-89, it is not known
how limy ol these applications will ultimately be granted.
Constiquently. this analysis of patenting trends by year of application is
confined to the 196:1-8(i period.

Note, however, that the data ,:eries for patenting by date of applica-
tion shows a dip in 198:1 for scveral countries. In tact, flit immber of
applications from nmny cmintdes was especially high in 1982 aud cur-
respondingly low in 19s:1. A new sdiedule of higher fees was hum-
duced in late 1982, contributing to an aaieleration ol filings in 1 t182 and
kver in 1983.

Figure 6-19.
U.S. patents granted to foreign inventors, by nationality of inventor

Number

25,000

20,000

15,000

Japan

10,000

West Germany

/
\ \

5,000
V

France
United Kingdom

Switzerland

JLL.L_LL.L.LJ L L 1J 0

1976 1978 1980 1982 1984 1986 1988

By date of grant

NOTE: Estimates are shown for 198789 for patents by date of application.

See appendix tables 6-21 and 6-22.

United Kingdom

/
Fiance

4---
Switzerland

- -

J_iJ,
1976 1978 1980 1982 1984 1986 1988

By date of application

Science & Engineering Indicators 1991



150 Chapter 6. Technology and Global Competitiveness

Patent Activity in Foreign Countries

Nonresident inventors account for varying shares
of total patent activity around the world. Countries
that patent extensively in the United Statesfor
example, Japan and West Germanyare active in
other countries as well. Similarly, U.S. inventors are
themselves active and successful in patenting inven-
tions around the world. Contrary to the recent
declining trend for U.S. inventors at home, recent
foreign patent activity suggests that U.S. inventors
are not only successful at obtaining patents in neigh-
boring countries, but garner a large and increasing
share of nonresident patents in Europe, Japan,
South Korea, Brazil, and India. (See figure 6-20.)

Figure 6-20.
Patents granted to foreigners in 1989,
by granting country
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From 1976 to 1983, patented up/Wait/m/s in the 1. nited
States decreased at an average rate of slightly over 1 per-
centprimarily because the success rate of patent appli-
cations from U.S. inventors declined. In contrast, for-
eign-origin patenting grew at 1.6 percent a year. (See fig-
ures 6-17, (3-18, and 6-19.)

From 1984 to 1986, U.S. patenting by year of applica-
tion exhibited a positive growth rate, bolstered by both
U.S, and foreign inventors. Patenting by foreign inwn-
tors grew at an average annual rate three times that of
U.S. inventors. (See appendix table (i-22.)

During the post-recession period for which data are
available (1983-8(i), seventl countries demonstrated above
average growth in patented applications, as follows;

Italy, 14.0 percent per year;

Belgium, 11.7 percent;

Japan, 11.4 percent;H' and

West Germany, 8.0 percent.

But as with patent grant data, it was the East Asian
newly industrialiwd countries that exhibited the highest
growth rates during 1983-86, as follows:

Taiwan, 44.4 percent a year;

South Korea, 29.3 percent; and

Hong Kong, 20.0 percent.

Although thtse growth rates are building on a far
lower base of patent applications than the major industri-
alized countries, they suggest that these countries lmve
begun to reap benefits from their R&D and technoh)gy-
producing investments.

Patents by Patent Office Classes"
A country's distribution of patents by technical area pm-

vides a key to understanding that country's contribution
to important fields of technology. This section compares
and discusses the various key technical fields favored by
inventors from various countrks in their U.S. patenting.

Fields Favored by U.S. and Japanese lnventors.'s
To some extent, there is an inverse relationship between
U.S. and Japanese patenting. (See appendix tables 6-23
and (i-24.) For example, Japanese patenting in tlw United
States emphasizes such technically and commercially
important technologies as photocopying. plmt()graphy,
dynamic information storage and retrieval, television,
nugor vehicles, and internal combustion engines. All of
these are technologies in which U.S. corporat(' inventors
are least active. It is iwobably no coincidence that

Japanese applications lad It) grfult: more often than do applica-
tions front any of the other countries discussed here. l'or example. an
estimated 68.3 percent ol the patent applications filed by Japanese
inventor,: in 1985 %yin lead to patent grants, compared to 65.9 percent
for \Vest Germany and .59.5 pC111.111 101' 1.11.111d Slalcs,

111101'111i11.1011 .111111k Seditfil iffISVII 011111V P11c111 )11.10'.: ChISS.111Cfl-

Ii011 s\''1(.111 iii&Ii diVidl'S patents into approximately '370 active class-
es. [sing this system. patent activity for 1 and foreign inventors in
recent years can lie compared by devehming an iirtirity This
index measures ;1 country's patenting activity \vithin a given clas!:. For
ill1y given year. die activity index is the pi oportion 1)itetits in par-
ticilIar Ow granted to inventors in a specific country divided by the
proportion 010/ patents granted to inventors ht that country.
l;iti.t I ..S. patenting data relied a much larger share of patenting

by individuals \vitliont corporate or government atIlliatimi than do data
on foreign patenting, only patents granted to corporatii»N are used to
construct the r.S. patenting activity indexes.

'Narin an(l ( )livastro 198(i) compare the fields empliasi/ed 1..ti.

and Japanese inventors in their U,S, patenting; also see Narin an(1
Frame (1)89),
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Japanese penetration of 1 J.S. markets in many of these
areas has followed.

U.S. patent activity is especially high in the wells and
mineral oils classes, areas that are among those in which
the Japanese patent the least. This inversion no doubt
stems from the difference in natural resource availability
between the two countries. U.S. corporations also
emphasize patenting in chemical areas (including bio-
chemistiy): analytical and immunological chemical test-
ing is a least emphasized class for Japan. Compared with
Japanese patenting activity, Americans are also much
more active in various biotechnology, pharmaceutical,
and communication classes.

Fields Favored by Other Major Industrialized Coun-
tries. As with Japan and the United States, patent data for
West Germany, France, and the LInited Kingdom show
each country's emphases among important technological
areas. West German patent activity emphasizes printing.
ammunition and explosives, and chemicals including fer-
tilizers and plastics. West Germany has increased its
activity in these areas substantially during the 1980-89
period. (See appendix table 6-25.)

French patent activity emphasizes, and has grown in,
nuclear technology and commuMcations, (See appendix
table 6-26.) The French also show high activity in
biotechnology: this may signal continued competition for
U.S. biotech firms.

Like the French, the British are quite active in the
biotech patent classes and communication technologies.
(See appen(lix table 6-27.) They share the U.S. emphasis
on aeronautics. Like the Gernians, the British do not
patent much in the 11nited States in semiconductor man-
ufacturing, nor do they particularly patent in areas of
Japanese emphasis, such as dynamic information storage
and retrieval and photography.

Fields Favored by Newly Industrialized Countries.
For the first time in the Science & Engineering Indicators
series, patent activity data are presented for two of the
more successful newly industrialized countries, Taiwan
and South Korea. (See appendix tables 6-28 and 6-29.)
Their recent patent activity in the United States can be
seen as an indicator of areas of technological develop-
ment as well as a leading indicator of J.S.I product mar-
kets likely to see increased competition.

Taiwan illustrates the inovement of the newly indus-
trialized countries to new technology development and
improvement of previously established technologies.
As recently as 1980, patent activity by inventors from
Taiwan in the United States was predominantly in the
area of toys and other amusement devices. By 1989,
however, Taiwan was emphasizing more highly techni-
cal classes, riTeiving patents in such areas as commu-
nications technology, semiconductor manufacturing
processes, and internal combustion engines.

U.S. patenting by South Korean inventors is heavily
concentrated in the patent classes that include
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electrical products and electronic onliponent technolo-
gies. In fact, patents in these areas account for about
half of the top 30 patent classes in which South Korean
inventors are most active. Although Korea has high
activity in less technologically significir t areas such as
chairs and seats and amusement devices, it is also very
active in such commercially important technologies as
semiconductor devices and computer peripheral equip-
ment. South Korea is already a major supplier of com-
puters and peripherals to the United States, and these
patent activity data show that the country's inventors
may be developing the improvements that will support
Korea's future competitiveness in this technology.'"
South Korea also patents heavily in the United States in
television technology, and has made dramatic gains in
penetrating this U.S. market (ITA 1991, p. 31-3). (See
"Television Technologies," p. 152.)

Patents by Standard Industrial Classifications
As an alternative to the U.S. Patent Office'F. system for

classifying inventions, patents can also be classified by
Standard Industrial Classification (SIC) industries."
Except for a nioderate increase in the drugs and
medicines industry, the U.S. share of patents dropped in
the remaining nine industries shown on appendix table
6-30. The drop was especially great in

Office, computing, and accounting machinesfrom
61 percent to 44 percent,

Motor vehicles and other transportation equip-
mentfrom 53 to 41 percent,

Communication equipment and electronic compo-
neat sfrom 64 to 49 percent, and

Aircraft and partsfrom 51 to 44 percent.

The falloff in these industries was not due to a decline
in J.S. patentingwhich increased significantly from
1980 to 1989 in these and other important technology
classesbut rather to a more rapid rate of increase by
inventors from Japan, Canada, Taiwan, and South Korea.
Overall, the share of U.S. patents held by inventors from
West Germany, France, andin particularthe United
Kingdom declined.

Japan's share of U.S. patents approximately doubled
from 1980 to 1989. going from 12 to 21 iwrcent of the
total. The Japanese share increased in each of the 10
industries shown, with an especially large increase in

'South Korea was the filth largest foreign supplier of computeN and
peripherals to the United S'atos in 1989. See HA (1991). p. 28-2, and
HA (1)90).

In thk classification system, each pateet class k associated with
the SIC industry that would produce the class's product Or appitratus
or carry out its process steps. See ()TM (1985). p. 26. The
ConcordmIce computer program maintained by the Patent Office con-
verts pal : (1)unts from the Patent Office classification system into
counts it) '.eri ts of the 1972 SIC system. This .section focuses on inter-
national ( miparisolis of 1t) commercially signicant SIC industries;
these are Isted in appendix table 6-30.
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Television Technologies

In 1923, U.S. inventors revolutionized information
transmission with the television receiver. Thirty-one
years later, U.S. inventors ushered in a new era of tele-
vision technology with color TV. U.S. manufacturers
went on to dominate the consumer markets for televi-
sion-related products, supplying 90 percent of the
American market in 1970 (see Council on Competi-
tiveness 1988). Since then, U.S. leadership as an inno-
vator in television technologies declined: subsequent-
ly, so did its share of the consumer products market
for television products. Japan then became the locus of
television-related innovation; it soon became the rec-
ognized supplier of high-quality products in television
and many other electronics products.

Now South Korea is also emerging as an innovative
force in this field. Between 1980 and 1989, South
Korean inventors received a total of 22 patents for tele-
vision-related technologies. All of these were granted
during the last 4 years of the period: 1 in 1986, 5 in
1987, 6 in 1988, and 10 in 1989. The 10 patents awarded
to South Korean inventors in 1989 tied them with Italy
for a seventh-place rank in that commercially important
technology field. Moreover, one of Korea's largest

manufacturers of television sets recently purchased a
5-percent share of the Zenith Electronics Corporation,
the only U.S.-owned maker of televisions. Zenith also
concluded licensing agreements that provided the
Korean firm with access to Zenith's picture quality
enhancement technology (New York Times 1991).

The television technologies market seems on the
verge of revolutionary change with the advent of high-
definition TV (HDTV), HDTV has attracted much
attention from U.S. policynlakers and has been repre-
sented as a pivotal technology that could provide the
vehicle for reestablishment of a U.S. industry foothold
in the consumer electronics market (Senate Com-
mittee on Governmental Affairs 1989). As noted, the
United States currently claims only one U.S.-owned
manufacturer of consumer televisions. (There are,
however, several foreign-owned television manufactur-
ing plants in the United States.) But the potential com-
mercial value of the HDTV market and from other
product markets that will incorporate HDTV technol-
ogy may entice further U.S. business activity in this
field (see OTA 1990 and American Electronics
Association 1988).

office. conlputing, and accounting machines (rising from
1( to 40 percent). Japanese pat(9iting in this field nearly
reached the level of U.S. domestic patenting. Large
increases in Japanese patenting also occurred in commu-
nication equipment and electronic components (from 15
to 31 p('rcent) and in motor vehicles and equipment
(ffinn 16 to 32 perc('nt).

'Hie Canadian share of U.S. patents increased slightly
ov(T tlw period (from 1.7 to 2.1 percent). with the great-
est share increases in drugs and medicines, industrial
inorganic chemicals, and plastics and synthetic resins.

Although the numbers of patents granted to inven-
'Mrs from West Germany, the United Kingdom. and
rrance increased between 1980 and 1989. their shares of
total patents granted declined. Of the 10 commercially
important industries examined, the West German shore
fell in 6. The French. whose overall share dropped the
least among these three countries, also lost shares in 6
of the 10 product fields, and dropped sharply in 2 of
liese, motor vehicles and aircraft and parts. 'Hie num-

. of I.S. patents granted to British inventors
increased the least of the three in this year-to-year com-
parison: consequently. the United Kingdom declined
the most in tems of share of total patents. The British
share fell in 8 of the 10 mmmercially important indus-
trio.s. and fell sharply in 1.

The newly industrialized countriesTaiwan and
Sonth Korea in pa1'ticu11r-0»ice again showed the most

dramatic increase in U.S. patent activity in 1989.
Although their shares of total patenting remain quite
small, it is noteworthy that their growth appears to have
taken place in the more comnwrcially important tech-
nologies. For example, in 1989 inventors from Taiwan
were granted seven patents in the aircraft and parts
industry and six in the engines and turbines industry
compared with one and two, respectively, in 1980. These
are two industries in which the Ilnited States has histori-
cally been very strong both in inventive activity and in
global market share. South Korea. as noted earlier, is
v('ry active in television-related technologies. (See
"Television Technoh)gies." above.)

Products from Taiwan and South Korea currently
compete with I '.S.. Japanese. and European products in
the marketplace. Their recent patent activity portends
(ven greater competitioni in the marketplace in the n()t-
too-distant future.

Citations From Patents to Previous Patents

Not all patents are equally significant. One method for
gauging the relative values of different patents is analysis
of interpatent citations. These citations, generally provid-
ed On the front page ot a patent document, reference pre-
vious patents and are supplied by the patent examiner.
These citations indiate the "prior art.' i.e.. they disclose
techmflogy in tl]ated fields of invention that should be
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Text table 6-2.
Citations from U.S. patents to earlier U.S. patents, by country of inventor or sector of owner of cited patents

Country of inventor

Grant year of
cited patents

United
States

The United West
Japan Netherlands Kingdom Germany Canada France Switzerland Italy Sweden

Average, all
countries

Citations per citable patent

1975 4.25 4.30 3.87 3.93 3.55 3.65 3.35 3.19 3.21 3.54 4.05

1980 3.58 3.79 3.28 3.12 2.86 2.85 2.82 2.73 2.66 2.62 3.39

1985 2.07 2.66 1.70 1.79 1.69 1.65 1.61 1.62 1.57 1.52 2.06

1987 1.01 1.30 0.84 0.82 0,75 0.78 0.77 0.73 0.64 0.61 0.99

All

Sector of owner, for U.S. inventors

U.S. U.S. U.S.

U.S. inventors corporations Government individuals Foreign owners

Citations per citable patent

1975 4.25 4.49 3.29 3.66 4.36

1980 3.58 3.88 2.81 2.90 3.87

1985 2.07 2.25 1.66 1.57 2.07

1987 1.01 1.10 0.74 0.77 1.01

NOTE: Numbers shown will increase, especially those for more recent years, as patents continue to receive more citations.

SOURCE: Computer Horizons, Inc.. unpublished tabulations (1990).

Diffusion of Technology in the
Industrial Sector

Historically, the 11.S. manufacturing base has operated
in state-of-dw-art factories using cutting edge technolo-
gies to produce manufactures more efficiently than its
competitors. This advantage has been a key factor in the
Nation's world economic success (Sec Colincii on
Competitiveness 1991 and Wolf 1991). Moreover, J.S.i
industry's incorporation of the newest technologies in its
manufacturing operations has given its workers a sub-
stantial edge in productivity. Recently, however,
improvenusnts in I1.S. productivity growth have lagged
behind those of several other industrialize(l countries
(see BLS 1)89). (See figure 6-21.) American industry's
failure to reinvest adequately is often cited as a kading
cause for this decline in productivity (see Wolf 19) 1).
Since 1980 among the major industrialized countries, the
largest increases in manufacturing productivity were
registered in the 1. 1nited Kingdom (55.5 ptsrcent), Japan
(54.4), and Italy (47.7). 1 T.S. productivity increased 40.5
percent during the same period (1 )80-89). Although
West Germany (15 percent) and 'Sweden (20.9) under-
performed the United States, their success in the inter-
national marketplace lends evidence to the iniportance
of other factors in building connxstitive economies.

Industrial Use of Technology
In 1985, a report by the President's Commission on

Imlustrial Competitiveness stressed the importance for
U.S. industry's investment in the latest teclmologies and

Science & Engtneenng Indicators - 1991

their rapid incorporation into J.S.1 manufacturing opera-
tions (President's Commission 1985) . Recently, tlw
Departmmt of Commerce surveyed 10,526 roanufactur-
ing establishments concerning their current and planned
US(' of advanced technology. The establishments were in

five major industrial groups-fabricated metal products
(SIC 34), industrial machinery and equipment (SIC 35),
electronic and other ekctric equipment (SIC 3(i), trans-
portation equipment (SIC 37), and instnrments and relat-
ed products (SIC 38)..'' Manufacturing establkhments
within these five categories accounted for nearly half of
all employees and value added in the ilnited States.'''

'Me surveyed companies WCIT asked 14 information
On their current or planned LIS(' of 17 technologies in the
following areas:

Design and engineering (3 technologies),

Fabrication/machining and assembly (5),

Autonmted material handling (2),

Automated sensor-based inspection and/or testing
(2), and

Communication and control (5).

Appendix table (i-34 lists all 17 advanced technologies.

Ili( ;iirvey vas perlorined by Ihe Itiduslry I the Ilureau
01 die (See Illireati 01 Ilie 1989.) Surveyed
unlit,: had 2() or limn. illid \\ en. .-4.1celi'd I() l'I'llrl'sC111 Iir
((Hai tiniver,;(, aims{ il).001) iriliriiig establisinnents
in SIC., ". :18.

Vuverage \wry derived !rum tli Ccusus ol Nlanu-
Iiwtures. See Uureau I iI Ceir-tis 19N8).

1 W)
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Figure 6-21,
Manufacturing productivity growth rates: 1980-89
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See appendix table 6-33. Science & Engineering Indicators 1991

Nearly 70 percent of the establishments surveyed indi-
cated that they currently use at kast 1 of the 17 advanced
technologies in tlwir manufacturing operations: 23 iwr-
cent reported use of 5 or more technologies." Several
charactedstics seem to be associated with establishments'
use of advanced technology. For instance, most large
p/ants (79 p(rcent) nported widespread use of advanced
technologiesthat is, use of fiw or morecompared
with just 13 percent of the small establishments."'

Market value of the establishment's output also ap-
iwared to influence degree of technology use. Estab-
lishments producing goods with market unit prices of
S10,000 or more had tlw highest probability of using
advanced technologies (82 percent use(l at kast one),
and establishments whose output had a market unit
price of under S5 had the lowest probability (68 percent).
0 I est abl ish men t s with prod ucts between these t
price extremes, about three-quarters reported use of at
least ont advanced technology.

International Comparisons of Technology Use
Surveys of technology use in manufacturing have

been conducted in many other countries; two of these-

111101'111'AM MI lilt' lAtC111 trse hy ilic ,:urv('y.
.1 hits, esta1)lishmen1s using I robot tire not dillerentiated from those
using WO.

The 1 S survey delined large plants ;is tslithh.lmicnts with 500 til
more employees and small plants as csiablishinciiis With 1111(1(.1. 100
cniploycps,
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those conducted in Canada and Australiawere mod-
eled after the U.S. survey." Despite their dksimilarities,
the Canadian and Australian survtys provide an interna-
tional context within which the U.S. survey data can be
examined, albeit cautiously. For example, against the
U.S. finding that technology use is positively influenced
by plant siw, the results from the Australian survey may
lw "artificially" low. The Canadian and Australian sur-
veys also yielded certain qualitative information not
developed in the U.S. survey that can contribute to an
understanding of technology use by ll.S. industry.

Compared with Canada and Australia, a significantly
higher iwrcentage of t J.S, manufacturers use advanced
technology in their operations.'' (See appendix table (i-34.)
In the U.S. survey of five major industries, 68 permnt of
the manufacturing establishments reported use of at least
one advanced technology in their operations. Results from
the Canadian and Australian surveys of all manufacturers
show use of at least one advanced technology by 43 per-
cent and 33 percent of respondents, respectively.

The most commonly used of the 17 advanced technolo-
gies in U.S. manufacturing is the numerically controlled
machine, used by 41 percent of tlw surveyed estab-
lishnwnts. Next most used was comput(r-aided design
and enghwering technology (CAD/CAE) which was
reported in use by 39 percent of the establishments. (See
figure (-22.) Plants owr 30 years of age were more likely
to use numerically controlled machines than were plants
under 5 years of age (50 percent versus 37 perc(nt).
When U.S. manufacturers were asked which of the speci-
fied advanced technologies they planned to use owr the
next 5 years, they selected tlmse related to c(mtputeriz-
ing their production operations. Topping tlw list of such
technologies were computers used for control on tlw fac-
tory floor. Coupled with present use of thk techtmlogy,
within 5 years 50 percent of the manufacturing plants will
be using computers for controlling factory operations.

In the Canadian survey, programmable controlhT tech-
nology had the highest incidence of current use, followecl
by CAD/CAE technology. Like their t 7.S. counterparts,
Canadian manufacturers planned to increase their use of
CAD/CAE technology over the twxt 5 years, making it

'The Canadian stitTey %\,as conducted in March 1989 ;is part of a
monthly industry survey. It was Canada's second siin.'ey maiiiilac-
luring technology use ;Ind covered the use of 22 advanced tedinolo-
gies (the first 1 7 are 111()Se 11.(.(1 :urv(.y) Ity manufacturing
!bills in Canada. 'Hu. Australian survey, ;Ilso conducted in 1989, (Ines.
!lolled manuiacturers' ";icquisition" rather than "use" of 19 advanced
Icchnologies (17 of these .ire comparable to thos( in tlw LS. survey).

Ihi I ..S. and Canadian surveys, which excluded manufacturing
plants that employed fewer than 2() peuple. the Australian survey
included smaller manulacturers and excluded only those employing
!ew(r than 10.

:\nother possil)le source Ail bias to In. aware of in comparing the find-
ings of 1111. three survey,. the dillerences in ...ample universes. lI

LS. survey sampled establi..11ments from five SIC. %%filch included
many high-Iech industries; i\ustralia and C'anada surveyed all manufac-
turer.,

This difference may simply be due to ditterences in the sampled
populations ol the three surveys,
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Figure 6-22.

U.S. manufacturers' use and planned use of advanced technologies

Design and engineering:

CAD/CAE

CAD: mfg machine control

CAD: procurement

Fabrication/machining and assembly:

Flex. mfg cells/systems

Numerically controlled machines

Lasers

Pick and place robots

Other robots

Automated material handling:
Automatic storage/retrieval systems

Automatic guided vehicle systems

Sensor-based inspectionitesting:
On incoming/process materials

On final product

Communication and control:
LAN for technical data

LAN for factory use

Intercompany computer network

Programmable controllers

Computers for control on factory floor

See appendix table 6-34.

Use Planned use

0 10 20 30 40 50 60

the most widely used of the 17 advanced technologies in
Canada, with eventual use by 29 percent of manufactur-
ers. When asked which of tlw 17 technologies they
planned to use in the next 5 years, Canadian manufactur-
erslike their U.S. counterpartsselected computers
for control on the factory floor.'"

For all 17 advanced technologies common to the three
surveys, Australian manufacturers reported acquisition
significantly below the use reported by I ').S. nmnufactur-
ers." The programmable electronic controller had tlw

' itulcd earlier, Ihe Canadian survey utictioned manufacturer,
on '22 advanced technologie,. Twu maindacturing inlormation syteim
technologies that did not appear on die I.:* survey were !..,elecled innsl
idteu by Canadian manulactarers as Ow technologies they planned tn
1P-C fl thC 111111re. 'HWY' two were followed by computers for contrnl on

lactory floor.
"Again. the Australian survey included smaller firms than did Ihe
L.,. and Canadian ,-Itulies. Ii il. o difleted by surveying dolutsitiDti of

advanced technologies rather tlian rise,

Percentage of establishments

Science & Engineering Indicators- 1991

highest acquisition rate of any of the technologies
included in the Australian survey: 14 percent of manufac-
turing establishments had this technology. CAD/CAE
technology also had a relatively high acquisition rate.
This teclmology topped the list for purchase over the
next 5 years, which would make it the most prevalent
technology in Australian manufacturing.

The U.S. and Canadian surveys solicited information on
reasons why manufacturers did not use those advanced
technologies that tlwy reported least frequently. (See
appendix table 6-35.) Both U.S. (54 percent) and Cana-
dian (79 p(rcent) manufacturers stated that materials
working lasers were not applicable to their particular
manufacturing operations. In Canada, pick and place
robots were cited as not providing enough benefits to
outweigh the cost of their incorporation into manufactur-
ing operations. I nmnufacturers provided the same
reason for non-use of automatic guided vehicle systems.
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Finding skilled personnel to work in numufacturing
operations that are becoming increasingly sophisticated
technologically is a problem often reported by U.S.
industry. Information from the Canadian and Australian
surveys showed that manufacturers in these countries
also had difficulty hiring employees with the skills needed
to operate and maintain advanced technologies.'5 In
Canada, 53 percent of the surveyed establishments
reported having at least some difficulty in hiring skilled
personnel to work with the technologies being incorpo-
rated into their manufacturing operations; 35 percent of
the Australian respondents voiced a similar concern.
Manufacturers in both countries made up for this short-
fall by providing formal training to their employees.
Canadian plants provided in-house training on site or
elsewhere in the firm; Australian plants provided exist-
ing staff with on-the-job training, special in-house train-
ing courses, and external training courses.

Small Business and High Technology
Small business is widely viewed as the source of many

of the new products and processes introduced into the
economy.I' Surveys show that small businesses rely
more heavily on new products to generate revenues than
do larger businesses; consequently, they must be more
efficient at producing commercially successful innova-
tions. A keen receptivity to new product ideas found out-
side their own operations characterizes this efficiency
(see Hanson 1991). Small businesses supplement internal
product development with new product ideas drawn from
dealings with customers, suppliers, government labs, uni-
versities, and others to ensure useful innovations. The
reation and growth of small high-tech companies are of

particular interest as they contribute to the Nation's abil-
ity to develop, adopt, and diffuse new technologies.

This section presents certain characteristics and per-
formance indicators for small high-tech companies.'.

'lite I ..S. survey did not include a comparable question.
1"lii 1!%82 study done for the Small Business Administration com-

paring innovation between small and large firms, it was 1ound that, per
employee, small firms produced 2.1 times as many innovations as large
firms. Sec Futures Group (1 98,1) and Hanson. Stein, and Moore
(198.1).

1.Information in this section is derived from the Corlifech data Inse,
owned by Corporate Technoloa Information Services, Inc.. NVellesley
Hills. Massachusetts. The CorpTech data base permits ;111 inspection
of small business flitities by technology field. This data base includes
many of the new startups and private companies often missed by other
data bases and is one of the most current sources of information on
small newly formed companies active in high-tech fields. The data base
attempts to bt, all-inclusive: by Conirech.s Own estimate, it includes 99
percent of hirge companies (ov)'r 1 mu() employees). 7 5 percent of
medium-sized companies with 250 to 1 ,000 employees, an(1 (;. percent

01 contlfanif's with if".,s than :!,50 cfnl)lifYves. \Vhrlf Prostwelivr comPa-
Ines for inclusion in the data base arc identified. they are sent ques-
tionnaires covering their size, status (private or public, imkpendent,
subsidiary. or joint venture). year formed, and prmluct grmws in
which they are active. Fhe version of the data base used here (k)y. ti.O
1991) inclu(es about :15.0(H) independently managed companies.
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The discussion focuses on companies active in the fol-
lowing seven technology fields:

Automation,

Biotechnology,

Computer hardware,

Advanced materials,

Photonics and optics,

Software, and

Telecommunications.

These fields encompass many of the technologies con-
sidered critical to the country's future economic competi-
tiveness. (See 'Technologies for Future Competitiveness,"
pp. 160-62.)

Trends in New U.S. High-Tech Business
Startups

The formation of high-tech companies was strongly
accelerated during the second half of the 1970s and the
early 1980s; this was followed by a sharp decline in for-
mations in the late eighties.'s (See figure 6-23.) About
half of the new high-tech businesses formed during
these two decades were computer-related companies;
startups in factory automation and telecommunications
followed. The number of new biotechnology companies
formed during this period trailed the other six technolo-
gies, yet it was the only group that increased steadily as
a share of all technology company formations. Other
technology fields that exhibited relative share growth
during the latter half of the 1980s were companies in the
advanced materials and photonics and optics fields.

Distribution of Companies by State
New high-tech companies are highly concentrated:

Over 65 percent of these companies are located in just
10 states. (See figure 6-24.) Yet compared to just 2 years
ago, the distribution appears to be leveling off, with the
top three statesCalifornia, Massachusetts, and New
York--all experiencing share declines (see NSB 1989,
p. 364).

These declines notwithstanding, California leads all
states by significant margins in six of the seven technol-
ogy fields examined, Maryland stands out in the biotech-
nology field, ranking second among the 50 states. Tlw
presence of the National Institutes of Health and Johns

'Throughout this discussion. the following terms are used (see SBA
1988):

Estoblishment or companya business entity that may or may not
he part of a huger compleN. and
Firm or enterm'iscan e!-Iahlislintent that is either ( 1 ) a single
location with no subsidiary or branches or (2) the topmost parent
of a group of establishments,
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Figure 6-23.
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See appendix table 6.36.

Automation Biotechnology

Field of activity

Hopkins University creatis an environment in Maryland
conducive to new business formations in the biotech
field. Illinois and Ohio tend to attract companies active in
factory auknnation technologies, probably reflecting the
Midwest's manufacturing tradition.

Foreign Ownership of U.S. High-Tech
Companies

Approximately 11 percent of the high-technology
companies are under foreign Ownershipup from 9 per-
cent just 2 years ago (see NSB 1989, p. 365, appendix
table 6-1(i). (See appendix table 6-38.) The 1.1nited King-
dom has, by far, the largest U.S. presence, followed by
Japan and West Germany. Altlumgh these three coun-
tries Own companies active in each of the seven technol-
ogy fields exanlined, they each tend to be drawn to cer-
tain fields: the United Kingdom and \Vest Germany to

conlpanies active in the development of advanced
materials, and Japan to companies involved in teleciml-
munications and computer hardware. Compared with
the major industrialized countries, Taiwan and South
Korea own relatively few U.S. high-tech companies; they
hay( concentrated their acquisitions on I 1.5. companies
active in computer hardware development.

Computer hardware Software

Science & Engineering Indicators 1991

Sources of Capital
The creation aml expansion of small business require

access to capital. New small businesses engaged in the
development of cutting edge technologies can find it difficult
to secure traditional financial supporti.e., obtaining
bank loans or selling equity in the stock markets. An over-
wlwlining majority (70 percent) of the high-tech compa-
nies formA during the 1980s relied solely on privat('
investment for business startup or expansion.'" (See fig-
ure 6-25.) Private investment, in fact, is the primary fund-
ing source for each of the techm)logy fields examined. A
combination of private investment and venture capital
ranked second among the companies, but only 11 percent
financed operations in this manner. About 6 percent of the
conmanies were financed solely with venture capital: com-
panies active in teleconmiunications technologies led the
other six fields in using this form of financing.

Performance of New High-Tech Companies
The performance of high-technology companies

slowed during 1990, yet they continued to outperform

Private invelinent includes, capital priivided m'incipals of the
cin»pany and by otikiih privale individual inveslurs.
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Figure 6-24.

U.S. locations of companies active in three technology fields

Biotechnology
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Advanced materials
See appendix table 6-37. Science & Engineering Indicators 1991

olhcr sectors of the economy (see Corporate Techn)-
logy 1991, p. 1-viii) . High-tech companies formed during
tlw 1980s showed their importance to 11w U.S. economy
by their perfornumce in four indicatorsemploynwnt
growth, job creation, annual sales, and sales exports.
(See text table (-3.) Computer-related companies experi-
enced the highest growth rate of the seven technology
fields during 1990. increasing employinent by about 1,1
percent and adding over 250,000 new jobs, Businesses
developing co al pu ter hardware did sonwwhat better
than the software. companies,

The 1990 earnings re.corded by the.se newly hirmed
high-tech companies suggest an ability to generate high
revenues even during sluggish economic periods as well
as a capacity to offer iiroducts that mee.t the demands of
the global market:flace. Annual sah.s productivity per
employee ranged betwe.e.n ti86,000 for biotech companies
up to S173,000 for companies producing computer hard-
ware. About .10 percent of these new compa»ies generat-
ed over 10 percent of their revenues from sales to foreign
markets. The advanced materials field had the highest

Figure 6-25.
Sources of capital for new high-tech companies

Private
investment and

venture capital --
108%

Venture
capital only

5.9°0

Corporate and private
investment 4

Corporate and private
investment and venture

capital - 4

Corporate inveslrnent
only 2 8°,,

Corporate
investment and

venture capital
1 7°,,

See appendix table 6-39 Science & Engineering Indicators - 1991
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percentage of companies involved in exporting (1.1 per-
cent); the software field had Hu' IOWCtil (32 ptTlTnt).
Software suppliers may be somewhat less aggressive
than other high-tech companies in seeking Out foreign
customers, in part because of persistent international dis-
agro.'ments surrounding the rules governing intellectual
property rights (see ITA 1991, p. 28-15).."'

Technologies for Future
Competitiveness

Several recent U.S. Government reports (National
Critical Technologies Panel 1991, Technology Admin-
istration 1990, and DOD 1989) linked future U.S. eco-
nomic and national security with the timely develop-
ment and deployment of certain key technologies.
Although these reports generally agree on the n'chnol-
ogy fields on which the United States needs to focus
its attention, they differ in certain instances by the
technologies emphasized within each field. (See text
table (i-4,) This section focuses on the 12 emerging
technologies singled out by the Department of
Conunerce as crucial to this Nation's tuture industrial
competitiveness (Technology Administration
1990) .These 12 technologies are categorized into four
major areasmaterials, electronics and information
systems, manufacturing systems, and life sciences
applicationsand have an estimated potential for 81

'hi fact, copyrighl proicelioll ...ollware is a high-priorily in
II.- ongoing negotiation; Imvard the economic integration ttl Europe.

of the end of 1990. this issue remained unresolved,

trillion in annual product sales in the global market by
20001

Figure Ci-26 summarizes the comparative condition of
the U.S. effort, as seen by the Department of Commerce,
in each of the 12 technologies vis-ii-vis the positions of
Japan and the European Community. Briefly, as of 1989,
the United States was considered to be ahead of or even
with Japan in 7 of the technologies and ahead of or even
with Europe in 11. "l'he United States was considered the
world leader in five technologiesartificial intelligence,
biotechnology, high-performance computing, medical
devices and diagnostic's, and sensor technology; it
lagged behind both Japan and Europe in just one area
digital imaging technology.

However, according to DOC's Technology Admin-
istration (1990), if current trends continue, the United
States could lose its leadership position to Japan and
Europe in many of these technologies by the year 2000.

(See figure 6-2(.)

'An emerging technology is &lined as ". . . utIC in which research
has progressed far enough to indicate a high probability of technical
sueres..,. km. IICV: products and applications that might have substantial
markets within approximately 1(1 ye,irs." 1)()C's Technology
Administration identified its list of critical emerging technologies
through consultations with scientists and engineers at the National
Institute 01 Standards and 'Technology. analysts at 1)0C's International
Trade Administration. and various l'.S. science. engineering, and indus-
trial exp('rts.

This section tocuses on the 1 )0(' list rather than those compiled by
thc Ol tHelisC Nati011al Critical Technologies Panel
primarily because the I )0( list (1) focuses on technologies with a com-
mercial importance. (2) provide,: international comparisons with Japan
and Europe by technology, and GO overlaps most of the technologies
contained on the other two lists.

Text table 6-3.
Performance measures for newly formed companies active in certain high-tech fields: 1990

Employment
growth rate
during past

Number of
Jobs created
during past

Annual
sales per

Percentage of
companies exporting

over 10 percent of
Field year year employee total sales

Automation '2.6 58.471 $126,330 40.7

Biotechnology 10.6 16,468 86,063 43.9

Computer hardware 14.5 148,304 172.752 42.9

Computer software 13.9 103,479 107.992 32.1

Advanced materials 5,8 32,452 155,198 44,4

Photonics and optics 8.4 27,654 103,592 36.8
Telecommunications 12.7 61,280 117,679 43.9

NOTE: Includes independent companies formed during 1380.89

SOURCE: Derived from the CorpTech data base (Re.. 6.0 1991), Corporate Technology Information Services. Inc., Wellesley Hills, MA.

Science & Engineering Indicators- 1991
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Text table 6-4.
Comparison of government lists of important technologies

161

National critical technologies Commerce emerging technologies Defense critical technologies

Materials
Materials synthesis and processing
Electronic and photo= materials

Ceramics
Composites
High-performance metals and alloys

Manufacturing
Flexible computer-integrated

manufacturing
Intelligent processing equipment
Micro- and nanofabrication
Systems management technologies

Information and communications
Software
Microelectronics and

optoeiectronics

High-performance computing and
networking

High-definition imaging and displays
Sensors and signal processing

Data storage and peripherals
Computer simulaticii and modeling

Biotechnology and life sciences
Applied molecular biology
Medical technology

Aeronautics and surface transportation
Aeronautics
Surface transportation technologies

Energy and environment
Energy technologies
Pollution minimization. remediation.

and waste management

Advanced materials
Advanced semiconductor devices
Superconductors

} Advanced materials

Flexible computer-integrated
manufacturing

Artificial intelligence

High-performance computing
Advanced semiconductor devices
Optoelectronics

High-performance computing

Digital imaging
Sensor technology

High-density data storage
High-performance computing

Biotechnology
Medical devices and diagnostics

} Composite materials

Composite materials
Semiconductor materials and microelectronic

circuits
Superconductors

Machine intelligence and robotics

Software producibility
Semiconductor materials and microelectronic

circuits
Photonics
Parallel computer architectures

Data fusion
Data fusion
Signal processing
Prissive sensors
Sensitive radars
Machine intelligence and robotics
Photonics
Simulation and modeling
Computational fluid dynamics

Biotechnology materials and processes

Air-breathing propulsion

No national critical technologies counterpart:
high energy density materials. hypervelocity
projectiles. pulsed power. signature control.
weapon system environment

NOTE National critical technologies were designated by the National Critical Technologies Panel: emerging technologies were designated by the Department
of Commerce. defense critical technologies were designated by the Department of Defense

SOURCE. National Critical Technologies Panel, Report of the National Critical Technologies Panel (Washington. DC 1991)
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Figure 6-26.
U.S. report card: 1989 status and trends

Status

V.:krsus Japan

Advanced materials
Advanced semiconductor devices

Behind Digital imaging
High-density data storage
Optoelectronics

Even Superconductors

Artificial intelligence
Biotechnology
Flexible computer-integrated

Ahead manufacturing
High-performance computing
Medical devices and diagnostics
Sensor technology

Trends

Versus Europe

Digital imaging

F.exible cumputer-integrated manufacturing
Superconductors

Advanced materials
Advanced semiconductor devices
Artificial intelligence
Biotechnology
High-density data storage
High-performance computing
Medical devices and diagnostics
Optoelectronics
Sensor technology

Advanced materials
Biotechnology

Losing Badly Digital i.iaging
Superconductors

Advanced semiconductor devices
High-density data storage

Losing High-performance computing
Me lical devices and diagnostics
Optoelectronics
Sensor (echnology

Artificial intelligence
Flexible computer-integrated

Holding manufacturing

Gaining

Digital imaging
Flexible computer-integrated manufacturing

Medical devices and diagnostics

Advanced materials
Advanced semiconductor devices
High-density data storage
Optoelectronics
Sensor technology
Superconductors

Artificial intelligence
Biotechnology
High-performance computing

SOURCE Technology Administration. Department of Commerce -Emerging Technologies A Survey of Technical and Econom(c Opportunities- (Washington
DC DOC 1990)
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Attitudes Toward Science and Technology:
The United States and International Comparisons

HIGHLIGHTS

U.S. Public Attitudes Toward Science
and Technology

Most Americans have a positive attitude about
science and technology (S&T). For over 30 years,
at least four out of five American adults have stated
that S&T has a positive effect on their lives. See pp.
174-76.

Americans trust the motives of scivntists. Eighty
wrcent agree that most scientists want to make life
better for the avenge person. See pp. 176-77.

Americans support Federal funding of basic
research. Four-fifths agree with the proposition that
even if it brings no immediate benefits, basic scientific
research should be supported by the Federal
Government. See p. 177.

Assessments of space exploration are changing,
and in a negative direction. Between 1985 and
1990, the proportion of Americans who felt that the
costs of the space program exceed its benefits
increased from 38 to 47 percent. See pp. 177-79.

Fewer Americans now approve of using large
animals in scientific research. Between 1985 and
1990. the percentage who approved of research caus-
ing pain to animals like dogs and chimpanzeeseven
if it results in new knowledge about human health
fell from 63 to 50 percent. See p. 181.

U.S. Public Attitudes Toward Education

The U.S. public sees strong links between edu-
cation, advancements in science, and U.S. eco-
nomic competitiveness. Seventy-five percent of the
public feels that if more Americans could obtain a col-
lege degree, "big improvements" would result in
yience, medicine. and technology: 59 percent predict

big improvements in U.S. competitiveness. Sec
pp. 179-80.

Americans are increasingly concerned about the
quality of science and mathematics education.
Since 1985, the percentage of adults who agree that
science and mathematics education in U.S. schools is
inadequate has risen from 63 percent to 72 wrcent.
See pp. 179-80.

International Comparisons of Attitudes
Toward S&T

Public attitudes toward S&T are reported in this
volume for 15 countries. In 1989 and 1990, coordi-
nated surveys were conducted in Japan, Canada. the
United States, and 12 countries of the Euroiwan
Community. See pp. 182-84.

U.S. and Canadian adults are similar in their
attitudes toward S&T and are more positive in
these attitudes than Western European adults.
They are also more positive about the impacts of sci-
ence. See pp. 184-85.

Notable differences in public support for govern-
mental funding of basic research are evident
among the national populations of Western
Europe and the United States. U.S.. British. and
French respondents were in strong agreement that
government should support basic research. In con-
trast, only a bare majority of adults in West Germany
agreed with this proposition. Sec pp. 184-85.

The Japanese seem less positive about S&T than
Americans, but the indicators are unclear. Larger
percentages of Japanese than Americans disagree
that Sca has positive effects on life. On other indica-
tors, Japanese attitudes toward S&T are positive. See
pp. 185-86.

Japanese and American respondents are similar
in their assessments of the effects of science on
moral issues. About a third of the adults in each
country are concerned that science has a negative
effect on morals. See p. 186.

Knowledge of Basic Facts About S&T

U.S. response patterns for several true/false
questions about S&T are similar to Canadian
and European (total) responses. Mean accurate
response rates are very similar, and similar distribu-
tions within the samples are also evident. Among the
member countries of the European Commnity, how-
ever, there are considerable differences in both accu-
rate isponse rates and distribution of such responses
in the populations. See pp. 187-89.

Perception of International Standing in S&T

Americans increasingly feel that the Japanese are
ahead of the United States in basic scientific
achievements. Between 1985 and 1990, the proportion
of adults placing Japan ahead of the United States in
basic science increased from 29 to 50 percent. See
pp. 189-90.

Americans today are less concerned about Soviet
military technology than they were 5 years ago.
Between 1985 and 1990, the proportion of Americans
considering the United States ahead of the Soviet
['Ilion in military technology increased from 33 to 46
percent. Americans with more education tended to be
even more critical in their evaluations of Soviet mili-

tary technology. See p. 190,
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Introduction

Chapter Focus

A substantial majority of Americans value scientific
research, and they perceive a strong link between
advances in science and technology (S&T) and improve-
ments in their own daily lives. Even if they are unsure
about the actual processes of scientific work, Americans
are positive about the institution of science, about scien-
tists, and about government support for research.
American optimism iil)out science stands out among the
industrialized countries: compared with Canada. Japan,
and the nations of Western Europe, the United States
scores high on a set of indicators of public confidence in
science.

The U.S. public has maintained its strong support for
science while remaining unaware of basic scientific con-
cepts about the natural world. Most adults are not conver-
sant with the broad scientific questions underlying a num-
ber of contemporary public policy issues. 'They often reject
scientific explanations that disagree with other beliefs, and
their otherwise strong support for science is more equivo-
cal when scientific and moral questions conflict.

Americans are increasingly concerned about the qual-
ity of education in the United States and overwhelmingly
favor more training in science and mathematics. And, in
response to rapid global political and economic changes,
the U.S. public is changing its perceptions of the coun-
try 'F. world standing in S&T. A majority of American
adults now think that Japan leads the United States in
both technological development and basic scientific
achievement, while evaluations of Soviet scientific and
technological capabilities have dropped shailily.

Chapter Organization

This chapter discusses indicators of these and related
topics using data from a series of attitudinal surveys
commissioned for this and previous Indicators reports.'
The chapter is divided into two sections. The first con-
tains indicators for the United States only and empha-
sizes trends over time. This section also contains an
expanded discussion of U.S. public attitudes toward
issues concerning education and includes a new scale of
science and mathematics coursetaking. Many of the data
displays show the different response rates for people
with varying levels of formal training in science and
mathen laCtcs.

The second section of this chapter discusses greatly
expanded international comparisons on several of the indi-
cators introduced earlier in the chapter. These compar-
isons are possible because of the rapidly growing nunther

'The most recent 1..s. survey %vas conducted in September and
October 1990. see footnote 3 and "i\vailability of 1 tala." p. 183.
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of researchers and sponsoring organizations around the
world interested in public attitudes toward S&T.

U.S. Public Attitudes Toward S&T
Many of the following indicators of U.S. public attitudes

toward S&T have been collected over the 20-year history
of Indicatols at roughly 2-year intoNal5.2'' The information
is organized around these three major questions:

Who is interested in and attentive to issues concern-
ing S&T, and how does the adult public learn about
these aspects of the culture?

What does the public know about science, including
knowledge of scientific concepts, of basic scientific
findings and theories, and of current public policy
issues involving S&T?

What are public attitudes toward S&T, that is, how
does the public evaluate various aspects of or-
ganized science, the effects of science on their daily
lives, and large public technology programs?

Who is Interested in Science?

In a modern society rich with information, people tend
to specialize in the subjects they pay attention to. They
also tend to use different media to learn about current
affairs, and these habits of media use differ by level of
education, age, and gender. Only television seems to be
used by virtually all adults as a source of information
about current affairs.

The following discussion focuses on adult Americans
who tend to pay attention to scientific and technological
matters and how these particular Americans differ from
people who are more interested in other types of issues.'

'In a few cases. the measures extend back to 1957just before the
Winching of Sputniklo a study sponsowd hy the National Science
\Vriters Association (Survey Resear(' h Center 1958). From 1979
through 1990, the survey data in this chapter are largely frmn Miller
11991ak and many of the concepts in this chapter wore first proposed
by Miller mld Prewitt (19791 and by \Idler. Prewitt, mul Pe;irson (1)80)
under th,, sponsorship of the National Science Foundation. Miller
1199110 lilt since modified and expandod certain Of these concepts.

'The 1990 Indirahos surmy of 2,033 adults was performed, by tele-
phone, from the Public Opinion Laboratory of Northern Illinois
l'niversity. The response rate was 1i5 percent. The results of a survey
of this size are certain at .+-.3 percent at the 95-percent confidence
levelthat is, of all possibk samples of this size, responses wouhl be
within liercentage points of those reported here 95 percent of the
time. [nem-Minty for subsamples in this chapter would be somewhat
greater. ln the interests of space. confidence intemds of the data are
not discussol here, l'he technical repOrt for the 199u survey and an
integrated codebook from the five Indicators surveys are available
(Miller 1)9a and 199110. See "Availability of Data," p. 183.

'This section discusses only six issue areas troll] the Indicaton
(See toxt table 7-11 The StIrVey altio asks about interest in and

knowledge of internatimlal and foreign policy, economic issues and
busines!: conditions. militar mid defense policy issnes, local school
issues, and agricultural issues. For responses On these items, see
appendix tahlvs 7-1 and (-2. and Miller (1991a).
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The section presents the following three sets of indica-
tors comprising different aspects of attentiveness:

Interest in different sets of issues,

Level of information about the sets of issues, and

Exposure to media where learning about the issues
might Occur,

These indicators are `.hen combined in indexes of
"attentiveness" to scientific and other subjects.

Interest in News About S&T. The first aspect of atten-
tiveness is a measure of interest in different sets of issues.
Like most of the other indicators in this chaptf'r, interest
in news issues involving new scientific discoveries
remained relatively stable over the past decade: between
37 and 48 percent of people surveyed acknowledged a
high interest. In 1990, 39 percent of U.S. adults said they
were very interested in new scientific discoveries, and
nearly 9 out of 10 were either "moderately" or "very" inter-
ested in these discoveries. (See appendix table 7-1.)

Compared with the 39 percent of respondents who say
they are "very" interested in scientific discoveries and
new inventions and technologies, larger percentages
report being very interested in other issue areas, notably
environmental pollution, military and defense policy, and
new medical discoveries. (See figure 7-1.)

Medical discoveries and environmental pollution held
the interest of significant percentages of Americans;
about two-thirds of the adult population were "very"

Figure 7-1.
Public interest in and knowledge of
selected issues: 1990

Percent

80

60

40

20

0

interested in these news items. In contrast, only about
one-fourth of U.S. adults reported that they were "very"
interested in space exploration, and a similar proportion
was "not at all" interested in space exploration. This was
the highest percentage reporting no interest in any of
the issue areas. (See "Assessments of Three TechnologY
Programs," p. 177-79.)

The percentages of Americans who were very interest-
ed in militaiy and defense policy and in international and
foreign policy were up sharply in 1990 over 1988. (See
appendix table 7-1.) The 1990 survey was conducted in
October and November, just after the Iraqi invasion of
Kuwait and concomitant with the buildup of U.S. troops
in Saudi Arabia. (See also footnote 20.)

Level of Information About S&T. A second important
aspect of attentiveness is a level of knowledge about the
subject of interest. In contrast with their expressed high
levels of interest in sets of news issues, American adults
were less confident about their levels of knowledge of
these subjects. Fewer than a third of adults felt very well-
informed about any of the sets of issues, and as many as a
third or mote felt poorly informed about several.

A third of U.S. adults felt very well-informed about
issues involving environmental pollution. On all of the
other issues shown in appendix table 7-2, a quarter or
fewer of 11.S. adults felt very well-informed. Most judged
their knowledge of issues to be "moderate."

Many Anwricans were pessimistic about their knowl-
edge of some matters involving S&T but were more con-

Very
Interested

Percentage very interested in new scientific discoveries

/

Very well-
Informed

---

1979 1981

Percentage very interested in international
and foreign policy issues

1983 1985 19- 88

New medical
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See appendix tables 7-1 and 7-2.
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fident about others. Over 30 percent felt poorly informed
about new scientific discoveries, 35 percent about new
inventions and technologies, and 38 percent about space
exploration. In contrast, only 20 percent felt poorly
informed about new medical discoveries and 13 percent
about environmental pollution. These contrasting
response patterns on subjects with considerable S&T
content are mirrored in the different denmgraphic char-
acteristics of the groups that pay attention to specific
sets of subjects.

Media Exposure to S&T. The third facet of atten-
tiveness is a habit of exposing oneself to media where
learning about issues might occur. The general popula-
tion, not otherwise predisposed to seek exposure to sci-
ence, might learn about S&T in the popular media: tele-
vision, newspapers, and magazines. Newspapers have
especially increased their coverage of science- and
health-related topics over the past decade, often in spe-
cial sections devoted to these articles (NSB 1987).
More focused exposure to scientific information might
be gained from science magazines, from television
shows like "Nova," or from visits to such public places
as natural history museums, S&T museums, zoos, and
aquariums.

To gauge the extent of such contacts with S&T issues,
the Indicators survey asks respondents about their
habits in

Reading,

Television viewing, and

Museum attendance.

About 57 percent of adults reported reading a daily
newspaper, and men were somewhat more likely than
women to use this source of information, (See appendix

Figure 7-2.
Effect of age on media use and museum visits: 1990
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table 7-3.) Daily newspaper readership is also strongly
correlated with increasing age. (See figure 7-2.) Older
adults were about twice as likely as younger adults to
read a daily newspaper. Also, older people were more
attentive to new medical discoveries than were other
groups. This characteristic of the newspaper reading
population may help explain the growth in special
health sections in U.S. newspapers (reported in NSB
1987), even though daily newspaper reading by the
general population has been declining for several
decades.'

Education level is positively related to daily news-
paper reading, and even more strongly to reading of
national newsmagazines and science magazines. Adults
who have graduated from college were almost four
times as likely as those who had not finished high
school to read newsmagazines; they were three times
more likely to read science magazines regularly. (See
figure 7-3.) Using these specialized sources of informa-
tion is somewhat related to increased age, but only up
through the 45- to 64-year-old age group; beyond these
ages, general newsmagazine and science magazine
readership drops sharply. (See figure 7-2.) Wonwn were
less likely than men to read science magazines: 81 per-
cent stated that they never use this medium versus 66
percent of men.

Education level has virtually no effect on the likeli-
hood of watching both television news and science
shows." (See figure 7-3.) Age is positively correlated with
watching television news and science programs.

'Between 1972 and nou, daily newspaper readership declined frtnn
69 lo 53 percent of the population (NORC annual series).

'Television science shows in the survey were defined as "Nova" mid
National Geographic specials.

Watches TV Reads newspaper
news regularly daily

Reads a
newsmagazine

regularly

NOTE- U.S. average 1

See appendix tables 7-3 and 7-4 for absolute values and question wordings.

Watches science Reads a science Visited a science
TV regularly magazine regularly museum twice

last year
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Museum visits may result in casual learning about
S&T. In 1990, 12 percent of the respondents indicated
that they visited a science museum at least twice in the
previous year.. Among college graduates, 64 percent
reported such visits; this was more than three times the
likelihood of persons with no high school degree. (See
figu re 7-3.)

Thus, each of the variables of age, gender, and educa-
tion level is helpful in predicting the likelihood of expo-
sure to opportunities for informal learning about S&T.
As shown above, eadi of these variables is also identified
with select media.

"Attentiveness" to S&T. When considered togeth-
er, the three sets of indicators discussed aboveinterest
in, level of information about, and media exposure to
S&T issuesidentify segments of the adult population
that are regularly "attentive" to different sets of issues in
the news:. The Indicators series has used the attentive-
ness concept to distinguish among segments of the adult
population that follow public policy mattel s with signifi-
cant scientific and technological implicationse.g.,
nuclear energy policy, new medical technologies, and
space exploration. Political leaders are likely to turn to
these groupsor their representativesin the course of
setting policy in these areas.

"Science museum- here relers to a scienco or technology museum.
a zoo or ttquariunt, or a natural history museum. each of which was
iNked about sepannely in the survey.

-Nliller I 1 91/1b) has further wilned this concept of allenlimicss to
various issues and has constructed a measure of "attentiveness to sci-
enc and technology policy- which is a combination of attentiveness to
scientific issues and attentiveness to issues involving new technologies,

The Indicators index of attentiveness to selected
issues uses respondents self-reports on

Inclination to follow certain Reins in the newsa
respondent must state that he or she is "very inter-
ested" in an issue area to be labeled attentive to that
area;

Knowledge of an areaa respondent must state that
he or she is "very well-informed" about an issue
area to be labeled attentive to that area; and

Rehaviw that would expose a person to information
about certain issue areasa respondent must state
that he or she is a regular reader of a daily news-
paper, a national newsmagazine, or a science maga-
zine to be labeled attentive to any issue area.

Text table 7-1 shows the proportions of adult
Americans who meet all three of these criteria on each
of six sets of issues.

About 8 percent, or some 14 million U.S. adults, are
attentive to new scientific diselveries." Attentiveness to
scientific matters is strongly dependent upon educa-
tional level, particularly education in mathematics and
science. People who are college graduates are Illore
than twice as likely to be attentive to new scientific dis-
coveries, and people with more science and mathemat-
ics courses in high school and/or college are more

population estimates used throughout this chapter are front
special tabulations of Ilurean of the Census, current Population
Survey. third quarter, 1911d. The impulation estimates ttre based on
civilians 18 years of age or older. tml living in group quarteN, and
including military personnel living oft-bas in the t 'nited States.

Figure 7-3.
Effect of education on media use and museum visits: 1990
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See appendix tables 7-3 and 7-4 for absolute values and question wordings.
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Text table 7-1.
Public attentiveness to news issues, by selected characteristics: 1990
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Attentiveness to . . .

New
scientific

discoveries
New

technologies
Nuclear
energy

Medical
discoveries

Space
exploration

Environmental
pollution

Percent

Total public 8 7 8 16 6 20 2,033

Gender
Male. 11 11 12 15 10 23 964

Female. 6 4 4 17 3 18 1,070

Degree level
No high school degree 7 5 7 19 3 5 495

High school graduate 6 7 7 14 6 21 1,179

College graduate 16 12 12 18 11 27 359

Science & math educations
Low 5 5 5 15 4 16 1,263

Medium 9 10 10 14 7 25 523

High 24 17 16 23 17 33 248

Age
18-24 8 8 5 10 7 19 322

25-34 7 9 4 10 6 16 497

35-44 9 6 7 12 5 19 366

45-64 8 7 9 20 6 23 533

65 and older 9 7 14 28 6 24 315

'Includes respondents with associate degrees.

For an explanation of the education index, see "The Science and Mathematics Education Index." p. 172.

SOURCES: J.D. Miller. Public Attitudes Toward Science and Technology. 1979-1990. Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991); and unpublished tabulations.

than four times as likely to be attentive to scientific dk-
coveries. (See "The Science and Math(matics Educa-
tion Index," p. 172.) Men are nearly twice as likely to be
attentive to new scientific discoveries as are women.

Between 6 and 8 percent of Americans an attentive
to new technologies, nuclear energy, and space explo-
ration. As with attentiveness to science, these groups
of the adult public an. Ifighly educated compared to
the general population, and tlwy tro dominated by
men. Women seem particularly inattentive to these
three areas.

Of the issue groups shown in text table 7-1, much
larger percentages of tlw total adult population an.
atk.ntive to medk.al discoveries and environmental pol-
lution; women an more likely to belong to these atten-
tive publics than to others. Older Americans regularly
pay attention to medical discoveries, and attentiveness
to environmental issues ako increases somewhat with
age. Tlw effect of education in general dkappears for
the segment of the population attentive to medical

Science & Engineering Indicators 1991

discoveries; however, persons with mon couNes in sci-
ence and mathematics are more likely to belong to this
attentive group.

Tlw attentive public for environmental pollution is
about 20 percent, or 36 million Americans. Members of
this attentive public arc proportionately more highly edu-
cated and older.

In interpreting the various indicators discussed later
in this chapter and finalyzing the rffponse patterns of
the general population versus tImse of the attentive
groups, it is helpful to note the different cluiracteristics
of the various attentive gnaws. People attentive to sci-
entific discoveries or to space exploration are consider-
ably Mon' likely to be highly e(lucated and to have had
more science and inathentafics courses than nonatten-
dyes. Also, although men account for only about 47
percent of the survey sample, they constitute Iwo-
thirds of the public attentive to scientific discoveries
and over three-quarters of those attentive to space
exploration.
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The Science and Mathematics Education Index

Many of the tables in this chapter display a cross-cut
of the dala by high, medium, and low levels of science
and mathematics education. Miller (1991b) developed
this index from the 1990 Indicators survey and has
used it to explore variations on a scale of "scientific lit-
eracy."

The index was constructed from three sets of ques-
tions. First, respondents were asked if they had taken
a high school course in biology, chemistry, or physics.
Second, they were asked their highest level of mathe-
matics coursework taken in high school. From this
second question, a total number of courses of high
school mathematics was inferred for each respondent
based on a typical high school program of mathemat-
ics courses: first-year algebra, geometry, second-year
algebra, precalculus, and calculus.

Third, respondents who reported having finished
high school were asked how many college-level cours-
es in biology, chemistry, or physics they had taken.
(Some 70 percent of U.S. adults have never taken a col-
lege-level science course.) Typical responses were
"one or two" or "15 or 20 courses" for some respon-
dents. For the purpose of index construction, a maxi-
mum of 10 college-level science courses were counted
for any respondent.

These three estimates (reports of high school and
college courses in biology, chemistry, and physics and
inferred high school mathematics courses) were then
totaled and divided into three levels of courses: low, for
four or fewer courses (62 percent of respondents);
medium, for five to eight courses, representing a good
high school program (26 percent); and high, repre-
senting a good high school program and some college
coursework (12 percent). (See text table 7-2.)

Men were twice as likely as women to have high
exposure to formal science and mathematics education
in high school and college; some 70 percent of women
in the United States reported low exposure to these
courses. Older Americans, especially after age 45, have
also had relatively less coursework in science and

mathematics. High exposure to science and mathemat-
ics in school was most prominent for young adults up
through age 44. As this group matures, higher percent-
ages of the total population will be able to report more
exposure to formal training in science and mathemat-
ics.

Text table 7-2.
Index of science and mathematics education,
by gender and age

Low Medium High N

Percent
Total public 62 26 12 2,033

Gender
Male 53 30 17 964
Female 70 22 8 1,070

Age
18-24 47 41 12 322
25-34 57 26 17 497
35-44 58 26 16 366
45-64 69 22 9 533
65 and older 80 16 4 315

Attentive publics
New scientific discoveries 37 27 35 168
New technologies 38 33 29 148

Nuclear energy 43 33 25 157

Medical discoveries 59 23 18 323
Space exploration 36 31 33 123
Environmental pollution . 48 32 20 412

NOTES: This index is based on the number of high school science ;Ind
mathematics courses and the number of college science courscr !n.
The index includes high school mathematics and high school ani. JIlege
courses in biology, chemistry, and physics: it excludes courses taken in
othcr disciplines or in college mathematics. "Low" is four or fewer courses,
"medium" is five to eight courses, and "high" is nine or more courses.
Percentages may not total 100 because of rounding.

SOURCES: ID. Miller, The Public Understanding of Science & Technology
in the United States, report to the National Science Foundation (DeKalb, IL:
Public Opinion Laboratory, Northern Illinois University, 1991); and unpub-
lished tabulations.
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What Do People Know About Science?

Since 1979, tlw Indicators studies of public attitudes
toward S&T have included indicators of the adult popu-
lation's understanding of scientific terms and concepts."

Knowledge of Scientific Process. Most respon-
dents have difficulty answering the fiNt question in the

Ili survey has regularly requested open-ended definitions of "sci-
entific study,' "radiation," and "DNA" (Respondents are first aslwd
they have clear, general, or little understanding of a term. Those
reporting little understan(ling are not asked for the followup (lefini-
tion.) These 111(1 other open-ended questions are coded by indepen-
dent coders at the Public Opinion Laboratory, Northern Illinois
I 'niversity. and tests ot Mterroder reliability an. performed aml differ-
ences resolved. Multiple-choice questions designed to measure

short battery of open-ended inquiries about level of
knowkdge of scientific terms and concepts. Thk ques-
tion asks: "In your own words, could you tell me what it
means to study something scientifically?" In 1990, 18
wrcent of U.S. adults gave an acceptable definition of

Underglanding Of the conrepts of "probability" and "con-
rolled study" were added in 1988 In 1990, batteries of questions con-
cerning two topical environmental issuesacid rain and the ozone
holewere added.

In addition. as part of ongoing studies of scientific literacy (Miller
199110 thy 1990 survey included a short battery of simple closed-
ended questions that are used bent to itulirate the distribution of ele-
mentary scientific knowledge in the adult population. "Knowledge Of
Scientific Conclusions," pp. 187-89, reports on the use of several of
Ilu quiz-type questions for comparisons anuing the llnited States,
Canada, Japan, and the European Community.
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scientific study."' (See appendix table 7-5.) Significantly
higher percentages of people with more education could
correctly provide the definition.

Closed-ended questions concerned with aspects oi si-
entific work elicited much higher correct response rates.
For example, when asked a multiple-choice question
involving probability, 70 percent of the adult population
selected the correct answer. (See appendix table 7-5.)
Similarly, 72 percent correctly answered a closed-ended
question about controlled clinical trials. These very dif-
ferent rates of correct response on aspects of scientific
study suggest that respondents may well know more
about science than responses to the open-ended ques-
tion would indicate.°

Knowledge of Environmental Issues. In addition
to the items concernMg interest in and knowledge about
issues involving environmental pollution (see "'Atten-
tiveness' to S&T," pp. 170-71), the 1990 survey included
short sets of questions about two timely environmental
issues: acid rain and ozone depletion.

When asked to describe acid rain, 6 percent of the
adult public was able to give a scientifically correct
response. (See appendix table 7-6.) An additional 10 per-
cent was able to name the cause or source of acid rain
("smokestacks," "plants that burn coal," etc.), and 31
percent referred to an unspecified "pollution" for a par-
tially correct response. Higher percentages of respon-
dents with more educationincluding more science
educationwere able to describe acid rain correctly, but
overall fewer than one in five adults could knowledge-
ably engage in a conversation about acid rain. Even the
attentive public for issues involving environmental pollu-
tion was surprisingly ignorant about this widespread and
current public policy issue: 40 percent of this group
failed to describe the scientific issue correctly, and
another 36 percent were able only to identify acid rain
with a general concept of "pollution."

A somewhat larger percentage of U.S. adults seemed
to grasp the tochnical aspects involved in producing the
ozone hole. One-fourth of the survey respondents gave a
correct answer to the question "In your own words, why
is there a hole in the ozone layer?"" An additional 18
percent mentioned "pollution" as the cause of the ozone
hole problem.

"For coding purposes, responses referring to theory or hypothesis
testing, to experhnentation. or to doming)! study or comparison are
considered acceptable definitions. Coded separately, but not accepted
as corred. an. responst-; referring to measurement (Ir classification.

''Withey (195)) found that 12 iiercent of American adults had an
acceptable understanding ol "s( ientific study" in 1957,

"Miller (199 lb) uses the open-ended question as one compooent of
scientific litentcy. In addition to requiring a correct response On this
question, he also requires respondents to reject astrology as having
any scientific basis. hi 1990, 13 wrcent of the adult population passed
this component of his literacy construct.

""Correct" in this cast. refer( to the ability to describe correctly the
roles of chlorofluorocarbons (CFCs) or clikirine atoms in the process
of creating hole, or the ability to identify the teclinologiesaerosol
sprays, refrigerants. and styroloam manufacturingthat release most
of the CFCs.
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Correct responses to this question were strongly relat-
ed both to gender and level of education. (See appendix
table 7-6.) About one-third of male and one-fifth of female
respondents were able to identify the ozone hole prob-
lem correctly. Forty-five percent of the attentive public
for environmental pollution was unable to describe cor-
rectly why the ozone hole exists.15

The public is also unclear about the location of the
ozone hole.0 6 Only 11 percent could identify the Ant-
arctic, and another 4 percent mentioned both the South
and North Poles. As with other questions on the survey,
men and people with higher levels of education were
more likely to place the ozone hole geographically. Over
90 percent of U.S. adult women did not know the loca-
tion of the ozone hole.

In sum. 25 percent of the general U.S. adult population
were able to offer correct information about these two
significant public policy issues of environmental pollu-
tion. Similar results hold for the public attentive to issues
involving environmental pollution. The findings suggest
that, although these environmental issues cause emotion-
al responses and high levels of concern among adults,
this concern is poorly grounded in factual information.

Knowledge of Scientific Concepts. The 1988 and
1990 Indicators surveys included short batteries of
closed-ended simple questions about S&T to test respon-
dents' knowledge of widely accepted scientific and tech-
nological phenomena that they would most likely have
learned in primary or secondary schoar

Of the 13 questions shown in figure 7-4, about 15 per-
cent of adults could answer half of them correctly. Just
over 1 percent answered all of the questions correctly.

Over three-fourths of the respondents knew simple
facts about the natural world: that the center of the earth
is hot, that plants produce oxygen, that hot air rises, and
that light travels faster than sound. Seventy-seven per-
cent agreed with the concept of continental drift.

Respondents had more trouble with several simple
questions involving common technologies: 37 percent
claimed not to know whether lasers generate light waves
or sound waves. And a full 70 percent did not know if

This finding, and others shown in appendix table 7.6 umkTlines
the need for sensitivity to the differences between attentiveness to an
issue and knowledge of an issue.

This questitm may also indicate a lack of knowledge of world geog-
raphy.

The questions discussed in the following secthois wen' developed
by Jon Miller of Northern Illinois University, Min Durant of the
Science Museum, London, and Geoffrey Thomas of University of
Oxford. England. See Milk.r (1987).

Most of these questions arti asked in a true/false format; a "don't
klom" respinise is accepted but not offered for eviiry questhm. Rather,
tlw introductiim to the knowk.dge battery states that "If you don't know
or aren't sure, just tell no. so, and wt. will skip to the next question."

A h.vc 9 m.stions that virtually all respondo.nts can answer correctly
art. included to bolster respondent confidence. hi 1990 these questions
included "Sunlight can cause skin cancer" and "Smoking causes lung
cancer." Ninety-five percent of U.S. adults over 18 agreed with Mese
statements. These art. examples of scientific findings that have
become common knowledge: they also (indelible the extent to which
Americans experience S&T through medicine.
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Figure 7-4.
Knowledge of 13 scientific conclusions: 1990

Distribution of correct responses in the U.S. population
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Number of questions answered correctly

Responses to individual questions

Correct Incorrect
Don't
know

1. "The center of the earth is very hot." 79°3 7°0 14%

2. "The oxygen we breathe comes from plants." 85 10 6

3 "Lasers work by focusing sound waves 37 26 37

4. "Hot air rises . 95 2 3

5. "Electrons are smaller than atoms . 41 24 35

6. "Antibiotics kill viruses as well as bacteria." . . . 30 60 11

7. "The universe began with a huge explosion." . 32 33 35

8. "The continents on which we live have been
moving their location for millions of years and
will continue to move in the future." 77 8 15

9. "Human beings as we know then today
developed from earlier species of animals." . 45 41 14

10. "The earliest humans lived at the same
time as dinosaurs." 47 36 18

11. "Which travels faster; light or sound?" 75 20 6

12. "Does the earth go around the sun, or
does the sun go around the earth9" 73 20 7

Asked if question 12 was answered correctly:
13. "How long does it take for the earth to go around

the sun? One day, one month, or one yearr. . . 48 18 33'

'Includes respondents who could not answer #12 correctly.

SOURCES: J.D. Miller. Public Attitudes Toward Science and Technology. 1979-1990. Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991); and unpublished tabulations.

antibiotics kill viruses, displaying a fundamental misun-
derstanding of the differences among types of microor-
ganisms and the efficacy of antibiotics in fighting com-
mon diseases.

More than half of U.S. adults are confused about very
long timespans in the history of the earth: 36 percent
agreed that humans li .11 alongside dinosaurs, and 18
wrcent did not know the answer to this question.

On questions that might conflict with some religious
teachings, the response rates in the 1990 survey show
that adults often chose belief Over a scientific interpreta-
tion of natural history. In the case of evolution, 11 per-
cent rejected the idea that "Human beings as we know
them today developed from earlier species of animals";
another 11 percent claimed not to know the truth or
falseness of evolutionary theories of human develop-
ment. In all, then, 55 percent of American adults either
rejected outright or were uncertain about the theory of
evolution. In a similar vein, when asked about the origin
of the universe, 33 percent disagreed that "The universe
began with a huge explosion," and another 35 percent
claimed not to know.

The motions and timing of the solar system were con-

tusing to many respondents. While 73 percent knew that

interpretation ot this indicator ;!. problematic. since sonic creation-
ists also believe that humans afol chnosaur. co-eyi.tcd. Failure to
answer this question corwctlt inay thu rclIcct respondents' lack ot
knowlcdge or lack of NMI.
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the earth goes around the sun, only .18 percew knew
that this journey takes 1 year. Respondents also have
trouble with the atomic world: only .11 percent could an-
swer correctly that "Electrons are smalkT than atoms";
35 percent said they didn't know.

These response patterns indicate that most Americans
are not familiar with fundamental scientific theories and
do not understand basic characteristics of simple tech-
nologies."'

On the other hand, one of the clear findings of the
Indicators studies is that the low level of knowledge of
science in the J.S.i adult population contrasts sharply
with its consistently strong and positive attitudes toward

scit.nce. Support for Sta among the U.S. population has
remained high. Even if some observers are coffee, in
predicting that the low level of scientific knowledge
endangers the material progress of the Nation, there is
no evidence of a decrease in general public support for
the institution of science. So, at least for now, the lack of
knowledge of science may not figure prominently in the
public's support for science and scientists.

What Do People Think About Science?

For over 0 years, at least lour out or five Americans
have stated that science and technohtgy have a positive

hut the extent ot ( .S. knowledge on these ileitis wqierally coin-
pitrilhhe 10 that ot other countrick.. a. discussed in "Knowledge ot
Scientific Conclusions." pp. 18./449.
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effect On tlwir lives. 'these alid similar indicators of pub-
lic attitudes toward S&T are discussed in this section.'"

The following paragraphs discuss measures of public
attitudes toward research, scientists. and Federal support
of scientific research. Attitudes toward thive large and vis-
ible technology programs are then discussed, followed by
a closer look at data indicating the public's attitude toward
education and tlw importance of education for S&T.

Attitudes Toward Scientific Research and Sci-
entists. The Indicators survey asks a nunther of ques-
tions designed to measure attitudes of the adult public
toward sw1."1 (See appen(lix table 7-7.) No single
assessment of public attitudes toward S&T is presented
in this chapter; it is important that all of the measures be
taken together as indicators of an overall public assess-
ment and that no undue significance be attached to any
One question.

In 1957, 94 percent of the American public agreed that
"Science and technohigy are making our lives healthier,
easier, and more comfortable." Between 1957 and 1979,
the percentage agreeing with this claim driipped to the
low 80-percent range, but this apparent drop may be an
artifact of different survey methodologies. In any case,
the percentage agreeing with the statement has mit
changed in the four surveys since 1979. The very low
percentage that either says "don't know" or refuses to
answer (from 2 to percent) suggests that respondents
are unequivocal when making this assessment.

Only people, not nations or loiter groups, imssess attitudes.
I lemiessy ( 1972) defines an attitude as a rather endurili g. orientation
inward ;III object or set ot objects. I lennessy sets "altitudes" Initl%%'aY
between "opinions" and "belief systems" in his typology:

()pinimiN an. orientalions (d. thp moment toward some specific,
and passitrg or contemporary. object:

Aft/fru/Ls are more ditlused orientations toward an object or a class
ot objects, not necess;hrily ()I the moment or contnIversial, ;Ind more
stable oVer dint': and

Ifriirf SyStuniS, ideolo,gies. ;Ire organizations ot integrated ()pin-
ions and attitudes closely identilied ith oneself.

Hennessy (p. 381 argues that to have ;minutes, an individual must
possess "minimal cognitive activity. integrative capacity, and motiva-
tional irotisal." Hased 1m illese criteria, it is likely that le% individuals
actually possess tilittides towa.rd science.

( 1)91 bl argues that most peNotis who qualify as attentive to a
set of issues acitiall- have altitudes I(Avard those issues. (Note that in
this chapter, the idea ot an "altitude to\vard .4cience" reiers 10 an infer-
eller of an attitu(he l)as('d on survey qth.stion respoipe.s.)

Man ot the response patterns slio\vii here are tor the attentive
publics and for more highly educated groups or the adult population. It
may lie i'issenied that the response.: of these groups are more stable
and repr..sent more '.-onsistetil orientations toward the subjects being
asked about than ould ('ill tuir III(' IVSI ill Illy W1)111;0.1011. In

;1111'11II%'1' and c(InL'an*(1 more likely to
relied ;Minutes, not opinions.

\iixaiiiilu'uitthiu'vuiluiiliiyiii n public opinion is shown in tigure
III the spring of 1980, there %Vac an increase in public opinion hui,tiiit.;

that too little %vas being spent on the militaryAt the time, the Natinn
%vas deeply embarrassed over the Iranian hostage crisis, and the
Soviets had just invaded ;Nigh- stall. 'Ibis very strong and short-lived
change was probably a strong soil( in opinion, not attitudes. Thu mod-
erately changing respimse patterns just betore ;mil alter this shill were
probably more reflective of altitudes.

queAions are purposetilll- designed to tap ( 1 ) general atti-
tudes and (2) assessments ot more specific aspects ot science.
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Respondents also feel that science is important in their
own lives. About 85 percent disagree with the statement
that "It is not important for me to kmiw about science in
my daily life."

Between 1979 and 1990, decreasing proportions of
respondents agreed with the statement that "Science
makes our way of life change too fast"a statement
deliberately worded with a negative bias. (See figure
7-Fs'.) In 1990, (i0 percent disagreed with the statement,
while 37 percent agreed; this represented a shift from 53
percent and 44 percent, respectively, since 1979.

The Indicators survey also asks about general attitudes
toward scientific research in a more complex formulation.
Rather than being presented with a simple agree/dis-
agree choice, respondents are asked to balance positive
and negative effects in the question "Would piti say that,
on balance. the benefits of scientific research have out-
weighed the harmful results, or have the harmful results
of scientific research been greater than its benefits?"'''
(See text table 7-3.)

Figure 7-(i shows the strongly positive responses
to this question by gender and education level. Men are
more likely than women to have strongly positive

The question is then followed by a probe for clegree of harm or
benefit: "IVould you say that the balance has been strongly in favor of
beneficial lharmfull results, or only slightly?" cinch probes encourage
the respondent to continue to locus on the subject hitroduced in the
first question, and ideally lead to a more considered ;Ind thorough
response overall Irmil the individual respondent.

1 C

Figure 7-5.
Science and the pace of life

"Science makes our way of life change too fast."
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See appendix table 7-7.
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Text table 7-3.
Public assessments of scientific research

"Would you say that, on balance, the benefits of scien-
tific research have outweighed the harmful results, or
have the harmful results of scientific research been
greater than its benefits?"'

1972 1974 1976 1979 1981 1985 1988 1990

Benefits greater. .

About equal' . .

Harms greater. . . .

Don't know/
no answer . . .

70
13

8

75 71

14 15

5 7

Percent
70 74 68

13 11 4

11 14 19

76

5

12

72

7

13

9 6 7 6 1 8 7 8

N =2,209 2,074 2,108 1,635 1,536 2,005 1,042 2,033

NOTE: Percentages may not total 100 because of rounding.

11972-76 wording: "Do you feel that science and technology have
changed life for the better or for the worse?"

'Volunteered by the respondent.

SOURCES: National Science Board, Science Indicators 1972 (Wash-
ington. DC: GPO. 1973): Science Indicators - 1974 (Washington, DC:
GPO, 1975): Science Indicators - 1976 (Washington. DC: GPO, 1977):
J.D. Miller, Public Attitudes Toward Science and Technology.
1979-1990. Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences,
1991): and unpublished tabulations.

See appendix table 7-8. 3cience & Engineering Indicators - 1991

Figure 7-6.
Assessments of scientific research

Total public

attitudes toward scientific research, by about 10 percent-
age points. Strongly positive evaluations of scientific
research also increase sharply with increasing levels of
education: college graduates are two to three times more
likely to view the benefits of scientific research as
"strongly beneficial" than are people without a high
school diploma.

The survey also explores people's perceptions of scien-
tists by asking respondents to agree or disagree that
"Most scientists want to work on things that will make
life better for the average person." In the 1985, 1988, and
1990 surveys, 80 percent of the respondents agreed with
this statement, indicating a strong trust in the individual
practicing scientist in the tinited States.:' (See appendix
table 7-7.)

Another long-term measure of public perceptions of
science comes from the General Social Survey (GSS) of
the National ()pinion Research Center (N()RC) at the
University of Chicago. The survey asks: "As far as the
people running these institutions are concerned, would
you say you have a great deal of confidence, only some
confidence, or hardly any confidence at all in them?"
Since 1973, between 36 and 45 percent of the respon-
dents have expressed a "great deal" of confidence in the
people running science. (See figure 7-7 .) The ratings for

.Sharply contrasting results from some European countrie,.. on a
similar question are presented in "Attitudes Toward S T," pp. 181-Sti.
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See appendix table 7-8.
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Figure 7-7.
Public confidence in people running selected institutions

Percentage expressing a "great deal" of confidence
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177

Medicine

Scientific community

In Education
I= Average of eight

insbtutions'
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NOTE: Survey not conducted in 1979 or 1981, and question not asked in 1985.

'The eight institutions are medicine, the scientific community, U.S. Supreme Court, the military, education, major companies, organized religion,
and the press.

See appendix table 7-9.

science have usually been second only to medicine, and
contrast with generally downward evaluations of people
running educational and political institutions, religion,
and the press. (See appendix table 7-9.)

The Federal Role in Science. In 1985, 1988, and
1990, the Indicators survey asked respondents about
their attitudes toward Federal funding of scientific
research even if it has no apparent, immediate benefits.
("Even if it brings no inunediate benefits, scientific
research which advances the frontiers of knowledge is
necessary and should be supported by the Federal
Gov('rnment.") About fimr-fifths of the adult population
agreed with this statenwnt in all three surveys, and 15 to
16 percent disagreed. (See figure 0-24 in Overview.)
These responses suggest a strong public support for
Federal funding of basic research.-1

Assessments of Three Technology Programs.
The U.S. public is less optimistic when assessing the
costs and benefits (or risks and benefits) of technologi-
cal programs than of scientific research generally.

I3etween 1985 and 1990, assessments of the risks and
benefits of genetic engineering research changed hardly
at oil. In both 1985 and 1990, over 45 percent of respon-

'For data on Federal tunding ii hasic and other rcsearch, sce chap-
ter 1, "l'efleral Support tor R&I)," pp. 93-102.
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dents stated that the benefits of genetic engineering
research either substantially exceed or slightly exceed
the potential risks. Relatively large proportions overall
refused to answer or responded "don't know," suggest-
ing that public attitudes toward such research and devel-
opment (R&D) have not stabilized. (See appendix table
7-10.) In this question, the use of the phrase "creation of
new life forms through genetic engineering research"
may influence response patterns in a negative direc-
tion." Men and people with college degrees are some-
what more positive about the benefits of genetic engi-
neering research programs.

Patterns of public attitudes toward the "use of nuclear
nqictors to generate electricity" show greater entrench-
Ment of attitudes on both positive and negative extremes
than genetic engineering. (See figure 7-8.) Larger pro-
portions of both the total public and people at all educa-
tion levels judge the risks of nuclear power to be sub-
stantially greater than its benefits, and fewer people
respond "don't know" or refuse to answer. Men are nmre
likely to evaluate nuclear energy positively than women,
and women are more likely to respond "don't know."
From 1985 to 1990, some reduction in negative assess-
ment may have occurred among college graduates,

-

0E1 (1987) tor turthcr findings on public attitudes toward
biotechnologies.

1 1
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Figure 7-8.
Assessments of nuclear power and genetic engineering: 1990
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See appendix tables 7-10 and 7-11 for exact question wordings.

though a quarter of these respondents still felt that the
risks of nuclear power substantially exceed its benefits.

Assessments of space exploration are changingand
in a negative direction. Between 1985 and 1990, the p( )-
portion reporting "benefits exceed costs" fell from 53
percent to 42 percent, and the proportion more con-
cerned with costs outweighing benefits gTew from 38 to

47 percent. (See figur(' 7-9.) These changes were report-
ed by both men and women (though men overall were
nu)re positive) and by all education levels. -1.he propor-

tion of college graduates perceiving substantially greater
costs than benefits in space exploration grew from 17 to
24 percent. (See appen(lix table 7-12.)

Another dimension of declining positive attitudes
toward space exploration can be seen in the changing
extremes of positive versus negative assessments.
Respondents were asked if they felt that the benefits

Irisks1 slightly or substantially exceed risks (benefits I. In
the case of space exploration, the extreme assessnwnts
favoring benefits fell by 9 percentage points, and assess-
ments of substantially excess costs grew by 7 percentage
points between 1985 and 1990."

'('ompari. tlii vith public preferences tor spending on several pro-
grams: ,we "Spending Preferences." p. 180.

Figure 7-9.
Assessments of space exploration
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These changing assessments of the space program pro-
vide an opportunity to stress the different patterns of atti-
tudes between the attentive publics and the general
public. Over two-thirds of the attentive public for space
explorationa highly educated group of respondents
continued to feel in 1990 that the benefits of space explo-
ration exceed its costs, cwupared with 42 percent of the
general adult populaticm. (See appendix table 7-12.) While

in 1990 fewer of the attentive public for space exploration
considered the benefits of the program to be "substan-
tially" greater than its costs than was the case in 1988, rela-

tively more considered the benefits to be "slightly" greater.
Several interpretations of this decline in positive atti-

tudes toward the space program are possible. Miller
(1991h) stresses the different patterns for this indicator
for the general public and the attentive public 14 space
exploration, stating that the attentive public is able "to
place short-term advances and setbacks in a broader
context." tie points out that then' are no active an ti-

space groups, as is the case with nuclear reactors, and
believes that space exploration, while highly visible, has
relatively low political saliency to citizens not attentive to
space exploration.

Another interpretation of these changing attitudes
might hold that the Challenger accident (which occurred

Benefits exceed costs ...

Only slightly Substantially

40 30 20 10

Percent

NOTE: Responses for "about equal" and "don't know" are omitted.

See appendix table 7.12.
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just a few months after collection of the 1985 (lata report-
ed here)," the long-grounded and troubled shuttle fleet,
the current debates about the costs of the space station,
and the debate about the benefits of unmanned versus
nmnned spacetlights, have combined to increase public
consciousness of the human and financial costs of the
space program and what might be achieved if the
resources were put to other uses.

In any case, the changes in these indicators of public
support for space exploration stand out among the indi-
cators discussed in this chapter. Public attitudes toward
S&T in the United States have been notably stable over
the past decade, and changes in attitude of this magni-
tude and consistency toward it large, publicly funded,
technological program warrant continued attention and
interpretation.

Public Attitudes Toward Educstion

Recent increased attention in the I nited States to the
quality and amount of education, especially education in
science and mathematics, is reflected in public attitudi-
nal data." The following indicators of three themes in
public attitudes toward education are presented below:

The links people make between education and
achieving other national goals;

Public concerns about and assessments of the qual-
ity of education in the t1nited States; and

Public spending preferences for a number of nation-
al objectives, including education.

' See NSII 119871 for a discussion of the effects of the Challenger
accident on attitudes.

-N1easures of student performance are reported in chapter 1.
"Students: Achieventent, interest, and C(mrsework." pi . lti-27: reform
movements are covered in chapter 1, "The Policy Context," pp. 3.1-11).

Figure 7-10.
Benefits of college education: 1990

Solving social problems like
crime, drugs, and homelessness

The U.S.'s ability to compete
economically with the rest of the world

Advancements in science,
medicine, and technology
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The Role of Education. The American public sees a
clear link between education and other national goals. In
1990, a representative sample of the adult U.S. popula-
tion was asked to assess the impact of an increase in the
number of collegt.-educated Americans on three general
areas: solving social problems; competing in internation-
al trade; and advancing science, medicine, and technolo-
gy. Seventy-five percent stated that if more Americans
were to complete college, a "big hnprovement" would
result in advancements in science, medicine, and tech-
nology. (See figure 7-10.) Fifty-five to sixty percent felt
that big improvements wouid result in solving social
problems such as crime, drugs, and homelessness, and
in the U.S. ability to compete economically with the rest
of the world. Respondents were more pessimistic about
solving social problems than about achieving advances
in international trade and in S&T.

In another national poll taken in 1989, respondents
were given a list of choices in answering the question,
"Which is the best policy for hnproving productivity in
the United States?" Given the choices of investing in new
plants and equipment, reducing government regulation
of business, increasing R&D expenditures, and hnprov-
ing education and job training, 54 percent felt that
hnproved education and job training would be the best
policy (Times IVIirror 1989). (See figure 7-11.) Only 10
percent felt that increasing R&D expenditures would be
the best policy for improving productivity.

Concerns About Education. Since 1985, the per-
centage of 11.S. adults who agree that the "quality of sci-
ence and mathematics education in American schools is
inadequate" has risen from 63 to 72 percent. (See figure
0-25 in Overview.) The adult public also thinks that the
quantity of science and mathematics education should
be increased. Nearly 90 percent agree that "every 11.5.
high school student should be required to take a =the-

"If more Americans were able to get a college education, do you think there
would be a big improvement, some improvement, or little improvement toward , . ."

Little improvement
Some improvement

-D Big imrovement

0 10 20 30 40 50

Percent

60 70 80

NOTE: N = 1.014.
SOURCE: Council for Advancement and Support of Education, Attitudes About American Colleges 1990 (Washington. DC 1990). p. 21,
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Figure 7-11.
Proposals for improving U.S. productivity: 1989

"Which is the best policy for improving
productivity in the United States?"

Improve education/job training
54%

Invest in new
plants and
equipment 14%

None/don't
know 8%

Increase
expenditures
on R&D - 10%

Reduce
government
regulation of
business 13%

NOTE: N = 2,048.

SOURCE: Times Mirror Center tor the People and the Press, "The
People. Press, and Politics," data diskette (Washington, DC, 1989).
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matics course each year," and about 73 percent agree
that high school students should take a science course
every year.

The Gallup Organization and the Times Mirror Center
for the People and the Press have been tracking
American concern owr educational and other ksues. In
1988, 89 percent of the adult public stated that they were
concerned abont "a decline in the quality of education"
in the United States, and 53 percent were "very" con-
cerned about such a decline (Times Mirror 1989). (See
text table 7-4.) Further, 75 percent were concerned
about "the loss of U.S. leadership in science and technol-
ogy"; overall, 33 percent were "very" concerned.

In 1989, on a similar set of questions, Americans were
asked to assess whether the United States "is very
strong, strong, weak, or very weak compared to other
countries" in a number of areas. Fewer than half felt that
the United States k either very strong or strong in "our
system of public education," and half felt that the hilted
States is weak or veiy weak compared to other countries
in educating its citizens. (See figure 7-12.) For contrast-
ing nwasures, respondents on this survey were asked to
compare the thlited States with other countries on "tech-
nical and engintering innovation" and "scientific
research." Sixty-nine iwrcent rated the United States as
strong or very strong on innovation, and 79 percent
assessed U.S. scientific research as strong or very strong
in comparison with other countries.'"

Spending Preferences. Americans say they are will-
ing to spend more for education. Since 1973, the General

'However, contrast tht.se findings with similar questions comparing
specific countries: see "l'oreption of International Standbig in S&T,"
pp;), 189Jui.

Social Survey has been asking people if they think "we're
spending too much money, too little money, or about the
right amount" on various national problems. Through
1977, about half the public felt that not enough money
was being spent on education. (See figure 7-13 and fig-
ure 0-25 in Overview.) By 1985, that percentage had
risen to 60 percent; it then climbed sharply to over 71
percent in 1990. Percentages responding "about right"
and "too much" both fell throughout the decade (NORC
annual series).

Education is a problem area in which Americans have
felt too little money is being invested; other such areas
are "improving and protecting the Nation's health" and
"improving and protecting the environment." By 1990,
over 70 percent of Americans felt too little was being
spent on these three problem areas. In contrast, around
10 percent thought too little was being spent on the
space exploration program."

Second Thoughts About S&T

Americans are not always oriented positively toward
science. To probe these dimensions of U.S. attitudes
toward S&T, several questions have been asked over
the years to elicit respondents' attitudes when conflict
occurs between science and other values. These ques-
tions are discussed in the following paragraphs, along
with public confidence in new technologies.

Science and Values. In 1957, 50 percent of U.S.
adults agreed that "We depend too much on science
and not enough on faith." (See appendix table 7-7.) In
1990, that proportion did not change. Further, in 1990,

'Compare these responses with the cost/benefit assessments of the
U.S. space exploration program noted in "Assessments Of nree
Technolttgy Prttgrams," tip. 177-79. For an interproation of the remark-
able 1980 deviation in preferences on military spendMg, see footnote 20.

Text table 7-4.
Public concern about U.S. science, technology, and
education: 1988

"I am going to read you a list of potential problems facing the
United States. For each one, please tell me how concerned
you are that it will happen."

Degree of concern

Some- Not Not Don't
Very what too at all know

Percent
The loss of U.S. leadership
in science and technology. . 33 42 18 3 5

A decline in the quality of
education in the U.S 53 36 8 2 2

NOTES: N = 3,021. Percentages may not total 100 because of rounding.

SOURCE: Times Mirror Center for the People and the Press, "The
People, Press, and Politics," data diskette (Washington. DC, 1989).
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Figure 7-12.
U.S. strength in education, innovation, and science: 1989

"Would you say today that the United States is very strong, strong,
weak, or very weak compared to other countries in the following areas?"

Very strong

Our system of public education

Technical and engineering innovation

Scientific research

Strong

1

Weak Very Don't
weak know
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Percent
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SOURCE: Times Mirror Center for the People and the Press. "The People, Press. and Politics," data diskette (Washingt , DC, 1989).
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about a third of the respondents agreed with the relat-
ed proposition that "One of the bad effects of science is
that it breaks down people's ideas of right and wrong";
this percentage has changed little over the past
decade. About 60 percent disagreed, however, that sci-
ence breaks down ideas of right and wrong. Rejection
of scientific explanations for natural phenomena sug-
gests an undercurrent of fundamental adherence to
religious and other explanations, even if most adults
highly value science and think it has improved their
daily lives.

Use of Animals in Research. Over the past 5
years, attitudes toward the use of animals in research
have changed in the United States. Between 1985 and
1990, the percentage of respondents feeling that
research causing pain or injury to animals is justified if
such research results in new knowledge about human
health has fallen, dropping from 63 percent to 50 per-
cent." (See figure 7-14.) Over the same period, the
number of Americans who reject such use of animals
has grown from 30 to 44 percent.

Support for anti-vivisectionist positions has grown in the
U.S. population, but it has not yet reached the level found
in other countries. In Biitain, a 1988 survey found that only
36 percent agreed that research causing pain or injuly to
animals is justified if it results in new knowledge about
human health (NSB 1989). In Canada in 1990, only 44 per-
cent agreed with the same statement (Einsiedel 1990).

Expectations for New Technologies. Optimism
about the development of technology "to counteract ally

Indicatm question is designed to stress the payoffs for human
health of such use of animals. The question is also purposefully
provoc,:tive by using "(Iogs" and "chimpanzees"rather than micein
order to elicit alliturles h)ward use ()I these larger mammals.

Figure 7-13.
Preferences for national spending
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SOURCE: National Opinion Research Center. General Social Surveys
Cumulative Codebook (Chicago: University of Chicago, annual series).
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harmful consequences of technological development"
has declined since 1985. (See figure 7-15.) In that year,
47 percent agreed that new inventions would always be
fctund to counteract technological damage; by 1990 that
percentage had dropped to 37 percent. The prop(dion of
respondents who disagreed with the proposition grew
from 45 to 56 percent.

Americans have been inundated with news of disas-
ters like dil. Valdez oil spill, tlw Challenger accident, tlw
Chernobyl explosion, and other problems. The
decreased optimism about tlw availability of technologi-
cal fixes for these problems may reflect growing doubt
about tlw tractability of much of this damage.

International Comparisons of Attitudes
Toward S&T

As countries have increasingly measured and
assessed their national efforts in S&T over the past
decade, they have also demonstrated a growing interest
in national public attitudes toward S&Tand tlw compa-
rability of these attitudes.'' Occasional, internationally

' The recent gni \\ill in the number 01 researchers conducting ,iii-
ul IttittnleY, toward S&T. and of governments and other budios

sponsoring such surveys, led to the formation in 1990 of the
International Council lot- the Study of Public Attitudes Toward Ski'.
e Cotincil meets once a year to coonlinate s(Irvoy plans and discuss
technical and other questions involving comparahility of the data.'llIc
Cotincil's next meeting Xvill be in 1992 in Tsui:111)a. Japan.

Figure 7-14.
Research with animals

"Scientists should be allowed to do research that causes
pain and injury to animals like dogs and chimpanzees if it
produces new information about human health problems."
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See appendix table 7-7. Science & Engineering Indicators 1991

Figure 7-15.
Trust in technology

"New inventions will always be found to counteract any
harmful consequences of technological development."
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See appendix table 7-7. Science 8 Engineering Indicators 1991

companttive survey work has been reported in Indicators
from as early as 1980. By the end of the decade, the gov-
ernments of Great Britain, France, and Japan were all
sponsoring national attitudes surveys, usually with some
coordination on questions and themes with the U.S.
Indicators series. National surveys of the adult publics in
Canada in 1989 and Japan in 1990 featured extensive
coordination with 1.S. researchers, thus adding valuable
data to this growing body of comparative research
(Einsiedel 1990 and Office of the Prime Minister of
Japan 1991).

In 1989, the European Community (EC), through the
Eurobarometer program of the Commission of the
European Conimunities. sponsored an EC-wide survey
of public attitudes toward and knowledge of S&T (CEC
1989).' In one stroke, the number of cmintries with
comparable data on some of the traditional Indicators
measures increased fnan 4 to 15. (See "Availability of
Data," p. 183.) The following comparisons are based on
the EC survey of 12 nations of Europe (1989) and sur-
veys in Japan (1990), Canada (1989), and the Unite(l
States (1990):"

NSII (1959) reported some early data from this C survey, but
none al the national level.

'Comparing stirmy results from this many countries is not unproh.
Irmatie, despite the coordinative ellorts made and the attention givon
to technical comparability (il survey operations The indicators dis-
cussed in this section should 1)( interpreted cautiously 1)0111 heeatise
of the normal ineastwetnent et rors eneomilet ed ill any public lan-vey
s %%ell s the billowing considerations:

I 1 )
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Availability of Data
The following paragraphs provide information for

potential users of the large data sets discussed in this
chapter.

Canada: The telephone survey of 2,000 Canadians
was performed by Decitna Research of Toronto under
the direction of Edna Einsiedel, University of Calgary,
in November and December 1989. The survey per-
formers te!ephoned adult Canadians at random, strati-
fied according to the population in each province.

Data diskettes containing the Canadian survey
results can be obtained from Professor Einsiedel.
Graduate Program in Communication Studies, Uni-
versity of Calgary. Other details on survey methodology
and results as well as the questionnaire are in
Einsiedel (1990): further analyses of the data are pre-
sented in Einsiedel (1991).

European Community: The 12-nation survey for
the Eurobarometer program of the EC was coordinated
by Faits et Opinions in Paris and conducted by affiliated
survey groups in each country in March 1989 (CEC
1989). The data are stored at the Belgian Archives for
the Social Sciences (1 Place Montesquieu, B-1348
Louvain-La-Neuve). The in-person interviews were con-
ducted with adults 15 years of age or older using a vari-
ety of sampling methodologies in the different coun-
tries. See also Bauer. Durant, and Evans (1991) and
Durant et al. (1991) for analyses using these data.

This chapter reports data from the EC-sponsored sur-
vey for the 12 member countries and for the Community
as a whole (reported as "Europe"). Country-level data are

weighted to the population profile of the individual coun-
try, and data for Europe are separately weighted to the
total of the Community member nations.

Japan: The Japanese survey was conducted in
January 1990 by Shin Joho Center of Tokyo for the
Office of the Prime Minister of Japan. Using a two-
stage stratified probability sample, the survey per-
formers conducted in-person interviews with 2,239
adults 18 years or older.

Further details on survey methodology and exten-
sive data tables are presented in Office of the Prime
Minister (1991). As of this writing the data diskettes
have not been made available.

United States: Tabulations from the 1979, 1981,
1983, 1985, 1988, and 1990 surveys are reported in
Miller (1991a), and the data diskettes with complete
documentation for these surveys are available from
the International Center for the Advancement of
Scientific Literacy, Chicago Academy of Sciences,
2001 N. Clark Street, Chicago, IL, 60614 (telephone:
312-549-0607). A codebook incorporating the results
from 1979 through 1990 is also available at a nominal
charge from the center.

The 1985 survey data set includes two additional
interview cycles, one each following the Challenger
and Chernobyl accidents. Data from before 1979 are
reported in NSB (1973, 1975, and 1977).

See Miller (1987) and Miller. Prewiti, and Pearson
(1980) for discussions of question design and survey
methodology: see Miller (1991b) for further analyses.

Because of technical and other uncertainties in tlte
indicators that follow, this section adopts a somewhat
nuwe cautious tone than tlw preceding secticm. Broad
patterns are emphasized rather than absolute differences
On indicators except where these differences arc notably
large or intriguing. The discussion reports measures for
total national impulations only and does not provide
cross-culs for otherwise interesting subpopulations.

Languagerven basic terms like "science" and "technology" may
have different ctilttwal connotations and thus lead to apparent, but not
necessarily real. differences ill silmey results.

Public polling practiffsdiffercurrs among countries in the stale
Ihe art of their polling practices may influence the technical quality

and comparal)ility Ut the data,
I'mpensity to luirticipate in polls--dillercnt national propensities to

participate in plIbliC polls, or to respond openly and honestly %viten
polled, may ailed the survey results.

Surrey instrumcntsIncasuement ditterence, surely resulted
front the use of &M(lvin nalional survey instruments. 1)ifterelices in
questiou order and questionnaire content can ailed stuTey results, Init
the extent of this effect is unloitAvii.

Surt.ty timing--fur comparison purposes, flit survt ys
should have been colulticted simultaneously. .1.11e riled ol the (lifter
ence in timing is iinktuAvn.

Despite Owse caveats, the folhming indicators of pnb-
lk attitudes toward S&T add an important new dinwn-
Sion to understanding the different postures of mItional
populations toward S&:1'. Even these broadstroke com-
parisons reveal striking differencesand important simi-
laritiesamong Japan and tlw countries of North
America and Western Europe.

Thk section Opens with comparisons of national
response rates on a set of questions designed to indicate
general public attitudes toward S&T. Country-level
esponses are then compared on the degree of interest
in, and knowkdge about, issues concerning SWI'. Next,
in a discussion of the distribution of scientific knowkdge
among the adult populations of these countries, two indi-
cators of kmaledge about science ate introduced. One
deals with the extent to which the public desclibes astrol-
ogy as "scientific": the other is a set of simple true/false
questions on elementary knowledge of S&L

The section concludes with a comparison of lum the
adults of these different countries assess the relative
standings of the United States, Europe, and Japan in
entific achievenwnt and in technological inn(wation. The
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Figure 7-16.
International comparisons of public attitudes toward science and technology
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See appendix tables 7-7 and 7-15.

widely diverging response patterns show Ow different
ways national populations view their country's relative
poshion in research and technological developnwnt:
these patterns complement several of tlw indicatoN
reported in chapter 6.

Attitudes Toward S&T

The United States, Canada, and Europe. Six com-
mon questions are available to compare tlw attitudes
toward S&T of adults in 12 European countries and the

0 ," op t,,,
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dz.
.e

44e
e

Science & Engineering Indicators 1991

90
80
70
60

50
40
30

20
10

0

90
80
70
60

50
40
30

20
10

0

90
80
70
60

50
40
30

20
10

0

States. Canadian measures are available for five
of those. (See figure 7-1(3.)

Respondents in the United States and Canada gave
simila responses to several questions. For instance, a
majority of adults in both countries agreed that "Science
and technology are maldng our lives healthier, easier,

The survey questionnaire ol the 1:.tironeall ("oninninity gav
respondents a choice ol "neither ;igree nor tlkagreen: the Canadian
and V.S. questionnaires (lid not. The t itect of this clillerence in
re:nott:e choices not known. ()iily the totaled responses tor "ztgree"
iti(1 "agree strongly" are reported here.
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and more comfortable,"' and most often disagreed that
"It is not important for me to know about science in my
daily life." Respondents in these two countr:es also most
often disagreed that "Science makes our way of life
change too fast."

The response patterns of the United States and Canada
on these and other items suggest that the populations of
the two countries are largely similar in their general atti-
tudes toward MT. They agreed in similar proportions
and were more optimistic compared to the European
nationsthat "On balance, computers and factory auto-
mation will create more jobs than they will eliminate."

However, a higher percentage of the U.S. respondents
than of the Canadian felt that "We depend too much on
science and not enough on faith." The United States has
traditionally registered relatively large percentages that
agree with this proposition. Comparing the U.S. response
on this item to that of other countries shows that the
United States ranks just below Spain, Italy, and Greece
and just above Luxembourg in its agreement. These four
European countries all register above the EC's average
agreement with this statement. (See appendix table 7-7
for the U.S. time trend on this question.)

Another question measured approval by the adult popu-
lation of governmental support of scientific research "even
if it brings no immediate benefits.'"7The U.S. respondents
were generally in high agreement with this proposition,
but France and Great Britain registered even higher kv-
els of agreement. The French, in fact, approFLImd una-
nimity (over 90-percent agreement) for a strong govern-
mental role in the support of basic research. In very sharp
contrast were the response rates of West Germany: barely
a majority agreed with the statement. These wry different

'See below for a comparison of the 1:nited States and Japan On this
question.

The U.S. question asked about summrt by the Federal Gov-
ernment, while the European questions ivferred only to "goveniment,"
The Canadian survey did not include I his question.

185

response patterns of two large and scientifically influential
European countries are not easy to explain.'

The Netherlands also had anomalous response pat-
terns on several of these questions (Second Chamber
1990). Although registering rather high approval of gov-
ernnwntal funding of research, well over a majority of
the adults in Holland agreed that science makes life
change too fast. Moreover, nearly half of the Dutch
adults disagreed that the benefits of science are greater
than any harmful effects, with a full 26 percent "strongly"
disagreeing."

The Netherlands public also seemed unwilling to
leave decisions to scientists; well over half disagreed
with the statement that "Scientists can be trusted to
make the right decisions." Majorities in Denmark and
Great Britain also disagreed with this statenwnt.
Responses to this question varied considerably across
Europe, suggesting fundamentally different degrees of
trust in scientists' decisionmaking.

The United States and Japan. The 1990 U.S. and
Japanese surveys each gauged agreement with the
proposition that "Science and technology are making our
lives healthier, easier, and more comfortable." Figure
7-17 compares the national totals of the two countries on
this indicator. While similar percentages strongly agree(1
with the proposition, Japanese adults were far more like-
ly to disagree, to disagree strongly, or to answer "don't

*See MI) expenditure patterns tor these countries in chapter 4,
"International Comparisons," pp 107-10.

'Ellis question and others not asked in the I".S. survey are reported
in appendix table 7- 1 5.

Similar results from an earlier survey were reported for The
Netherlands. In response to the question "In the long run, do ymi think
the scientific advances we're making will help or harm mankind?,"
percent responded "will harm," 22 percent "will help," and 34 percent
"both" (NSI3 1987, pp. 18 an(l 332).

a related questimi ill the MO U.S. survey, su percent of U.S.
adults agreed that "Most scientists want to work on things that will
make life better for the average person." See appendix table 7,7.

Figure7-17.
Japanese and U.S. assessments of science and technology

"Science and technology are making our lives healthier, easier, and more comfortable,"
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See appendix tables 7-7 and 7-16

30 40 50

Percent

60 70 80 90 100

Science & Engineering Indicators - 1991



186 Chapter 7. Attitudes Toward Science and Technology

know." Overall, about 85 percent of tlw U.S. respondents
acknowledged llw beneficial effects of S&T on their
daily lives compared to about 55 percent of Ow Japanese.
Fewer than half of tlw Japanese respondents agreed, in
answer to a question not raised in the U.S. survey, that
S&T has had a positive impact in Japan on working con-
ditions. (See appendix table 7-16.)

On two other questions not askmd of tlw U.S. respon-
dents, however, the japanese displayed attitudes toward
Sta that were both nmre positive and more mixed. When
asked whether S&T has "impnivmql , worsened, or nmmt

changed" the standard of living, three-fourths agreed that
the standamd of living has been improved. A related ques-
tion asked: "Science and technology have both positive
and negative effects. Which do you think has been
greatertlw positive effects or the negative effects?" Fifty-
hree percent of tlw Japanese responded that positive

effects have been greater, 31 percent responded "about the
same," and 7 percent favored the newmmive assessment.

About :18 percent of the Japanese respondents felt that
S&T has "worsened.' morality. Thirty-five percent felt
there was no change, and about one-fifth declined to
answer the questimm. On a related question askmql in tlw
t.nited States, abmmt one-third of adults agreed that "One
of tlw bad effects of science is that it breaks down peo-
ple's ideas of right and wrong." (See appendix table 7-7.)

In sum, on these sets of comparisons. U.S. and
Japanese responses were not dissitnilar. In the United
States, somewhat larger majorities overall expressed
positive attitudes toward S&T and its impact on daily life,
but on several questions with different wordings the
Japanese were also strongly positive. About a third of the
adults in each country indicated a concern with the
effects of science on moral issues.

Attention to Issues in S&T

The adult publics of the countries of Western Europe
and of Canada and the United States appear to have dif-
ferent patterns of interest in and knowledge about issues
involving S&T."

For all the countries surveyed, by far the greatest
degree of interest was in new medical discoveries. Four
countries dominated in this degree of interest: the
Utnted States. France, Canada, and The Netherlands.
(See figure 7-18.) Adults in these countries (and in Italy)
also ranked high on the percentages very interested in
science and new inventions and technology, Of all the
countries, French respondents c!aimed most often to be
very intm.Tested in scientific discoveries and in inventions
and technology.

The adult populations of th I'mfited States and Canada
reported similar rates of being "very interested" in new
scientific discoveries. new inventions and technologies,
and new nwdical discoveries. Tlwir rates were generally
higher than in Western Europe. (See appendix table

' nwa,:ure here tor Canada,
or japan. Ilo,Al.vcr, :ce in:iedel 199(0 on Canadian altentiven(sc.
and 1)nrant el al. I 1991) uuti 1..nropean.

Figure 7-18.
Interest in and knowledge about
new medical discoveries
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717.) U.S. and Canadian respondents also reported simi-
lar degrees of feeling "very well-infimrnwd" about tlwse
sets of issues. The similar responses of Canadian and
I'.S. adults on tlwse questions indicate the close cultural
ties between the two countries.

Respondents in Greece, Spain, and Portugal consis-
tently reported lower rates of being "very interested" in
or "very well-informed" about any of the three sets of
issues. (11w adult publics in these three countries also
ranked lowest on knowledge of basic scientific ideas; sue
"Knowle(lge of Scientific Conchisions," pp. 187-89.)

Two interesting results among tlw European nations
were the low self-reports of interest and knowledge by
adults in Denmark and West Germany for all three of the
areas. The Damws have traditionally scored high on inter-
national tests of sciencm and mathematics ability, and they
outranked adults in all otlwr natimms on the knowledge
questions discussed below (see pp. 187-89). In West
Germany adults reported being very interested and very
well-infinnlmql at rates 59 percent or lower than in tmther
European countries. Reasons for Owse differences are not
imme(liately ch.ar. Both of these countries have signifi-
cant R&1) budgets and both have high levels of education.

Is Astrology Scientific?

To ascertain the public's degree of belief in pseudo-
scienc(', the Indicators series has tracked the extent

4 ) ,

kr
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Figure 7-19.
Perceptions of astrology

Percentage considering astrology "not at all scientific"
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See appendix table 7-18.

to which respondents feel that astrology is scientific.
A.strology and science might appear, to the uninitiated,
to use similar arcana: jargon, symbols, and astroimmical
bodies as reference points.

Rejection or acceptance of astrology as a science may
be considered an indicator of the understanding of the
scientific method and of the nature of scientific knowl-
edge. Rejection of astrology as scientific may lw
interpreted as an indicator of scientific understanding.'-'

Majorities of respondents in several European coun-
tries accepted astrology as either "very" or "sort or' sci-
entific, whereas about 60 percent of U.S. respondents
rejected astrology as "not at all scientific." (See figure
7-19 and apiwndix tabk. 7-18.) In no country in Europe
did more than 40 percent of the respondents state that
astrology is not scientific. Education k.vel seems suit
prisingly unrelated to rejection of astrology. In Den-
mark, for example, some 60 percent of the adult popula-
tion thought astrology is very or sort of scientific; simi-
lar findings were reported for other comntries with high
education levels.

Interpretation ol tl indicator is problematic. For example. in the
l'ilited States, relatively large percentagys itt otherwke educated
respondents ryport that they sometimes read their 1.0r0SC(l1)1,,, h'ar

hewer. howevyr, report that they I)ase their actions on what their horo-
scoPes say (NSB

In an analysis of I:rencli data not shown here. Boy 09911 points mit
that in France belief in dillerent practices ol thy parasciences differs
according to education level. or example. relatively more 1:retich
adults with higher educational h.vels !whey(' iii tylvpathy, In contrast,
belief in asirology is inversely related to education level. BON. (p.
gocs oil to note: "An analysk ol the currclaCmil: ,:liuws that, a nih.,
irrational beliefs scarcely affect support lor science."

j. ,b

?).62). ke
C&ZCA

Y`.
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"Don't know" responso.s were high lot this question in
most European countries (but not in France, Great
Britain, and Lux('mbontrg). In several countries, 20 to 25
percent claimed not to know the answer to the question.

Knowledge of Scientific Conclusions

'Me Canadian, European, Japanese, and 1;.S. surveys
each contained several questions designed to measure
knowledge of various basic scientific concepts and facts.
These questions can be used to coinpare (1) total nption-
al average accurate responses and (2) distributions with-
in the national populations of acclrate responses.

The United States and Canada. On 11 questions
available to compare scientific knowledge of the Cana-
dian and I 5. populations, the mean number of correct
responses was slightly higher in Canada-7.3 versus
7.0 in the Unite(l States. (See appendix table 7-19.) The
two countries exhibited very similar response patterns
on all but one question: the theory of evolution. U.S.
respondents answered this question correctly only 45
percent of the time, versus 58 percent in Canada. The
distributions of correct responses on these 11 ques-
tions were strikingly similar for tlw two populations.
(See figure 7-20.)

The United States and Europe* Ten questions
were available to compare the 12 members of the

' This horimys heavily trout Bauer. Durant. and
Itt9l). III their analysis ot only thy 1...iiropeati data. and using a sliphtIN

eXpanded (plesti)tn set the alithors discuss rylationships
ktio\vIvtlge. and odic!' variablvs.
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Figure 7-20.
U.S. and Canadian knowledge of science
and technology
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See appendix table 7-19 for questions.
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European Community with the United States on a scale
of scientific knowkdge. (See appendix table 7-20.) The
average (mean) national rankings of these countries on
these 10 questions are shown in figure 7-21. Denmark
ranked highest and Portugal lowest, with a general ten-
dency of increasing rank on this measure from south to
north among European cmmtries.

The United States's mean accurate response rate
was virtually the sanw as that for the European
Coimnunity overall. Response rates on individual ques-
tions were also similar for the United States and the
EC, except for rather lower knowledge in tlw United
States of planetary motion and higher knowledge of
continental drift.

Patterns of scientific knowledge distribution are also
of interest. Figure 0-26 in the Overview shows that
correct responses to these 10 questions were nearly
identicallyand fairly normallydistributed in the
U.S. and EC populations. Within Europe, however,
these distributions varied widely, with particularly
uneven (listributions in both countries with high levels
of knowledge (e.g., Denmark and Britain) and those

with low levels (Spain, Greece, and Portugal).." (See
figure 7-21.)

"Bauer. Durant. and Evans (1991) note that the Chronbach Alphas of
Spain and Portugal are unusually high compared to the countries'
knowledge measures. (Alphas are measures of cinisist,licy in in(1 ividu-
al e Spi )11 ses: they show the extent to which perstms responding ci)r-
rectly to one item also tended to respond correctly to Other items. "11ie
alphas shown in appendix table 7-20 art. all moderate to moderately
high.)

.1.0 explain this relatitniship, they propose (p. 7) that Ow tendency for
respondents to give consistent answers may increase in countries with
sharp contrasts in educational attainment and that "in lower I knowl.
udgel level countries the stwial structure seems to be more impoilant
for the distribution of scioice than in higher level countries." Figure
7-21 shows a strong bimodal distribution in Portugal compared with
Denmark. Such a distributhni shows that som people have little scien-
tific knowledge. while others have much more. A cinintry with such a
distributhm may have a inore elitist science education system.

Figure 7-21.
Distributions of scientific knowledge
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Denmark 6.23 1,013

Great Britain 6.17 976

Luxembourg 6.17 303

France 6.11 1,004

Netherlands 6.05 1,025
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United States 5.79 2.033

EUROPE 5.75 11,677

Italy 5.66 1,022

Northern Ireland 5.27 300
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Portugal 4.09 1,000
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Text table 7-5.
U.S. and Japanese knowledge of science and technology

189

Correct Don't know'

United
States Japan

United
States Japan

Percent
1. "The center of the earth is very hot. 79 78 14 18

2. "Lasers work by focusing sound waves." 37 14 37 45

3. "Electrons are smaller than atoms." 41 37 35 48

4. "Antibiotics kill viruses as well as bacteria." 30 8 11 21

5. "The universe began with a huge explosion " 32 54 35 34

6. "The continen:s on which we live have been moving their location
for millions of years and will continue to move in the future." 77 82 15 15

7. "Human beings, as we know them today, developed from earlier
species of animals."2 45 79 14 11

NOTE Incorrect responses were omitted.

'Response categories in the U.S. suiveys were "true," 'false," or "don't know." In the Japanese survey, respondents were offered choices of "strongly agree,"
"agree," "disagree," "strongly disagree." or "don't know."

2Japanese wording: "What do you think about the following statement? Human beings developed from earlier species of animals."
SOURCES: Office of the Prime Minister of Japan, Public Relations Office. OpinionSurvey on Science, Technology, and Society, T. Welch. trans. (Washington,
DC: Science Resources Studies Division, National Science Foundation, 1991): and JD. Miller, Public Attitudes Toward Science and Technology, 1979-1990.
Integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991): and unpublished
tabulations.

The United States and Japan. Seven common ques-
tions concerning simple S&T concepts were asked on
the 1990 U.S. and Japanese surveys. (See text table 7-5.)
The responses of these culturally very different popula-
tions displayed both strong similarities and striking dif-
ferences:

On questions dealing with purely scientific conclu-
sions, and on those that did not concern subjects on
which U.S. respondents have traditionally held
strong moral beliefs, the U.S. and Japanese
response patterns were very similar.

On two questions dealing with lasers and antibiotics,
the Japanese correct responses were much lower
than American.

On two questions involving topics about which
Americans feel stronglyevolution and the origin
of the universeU.S. respondents answered incor-
rectly more often than the Japanese by 20 to 30 per-
centage points.

Perception of International Standing in S&T

The U.S., Japanese, and Western European popula-
tions have different conceptions of their countries' rela-
tive international ranking in S&T capabilities.'' The fol-
lowing paragraphs describe these different assessments,

'.Questions on this topic wen. not asked in du. Canadian survey,

Science & Engineering Indicators 1991

first in terms of basic scientific capabilities, then in terms
.01 military capabilities.

Basic Scientific Achievements. U.S. respondents
were confident that the United States is ahead of Europe
and the Soviet Union in basic scientific achievements.
(See text table 7-6.) The percentages of adults placing the
United States ahead of Europe and the Soviet Union in
basic scientific achievements increased directly with edu-
cational level. The attentive publics for S&T-related issues
were also generally more positive in their assessments of
U.S. standing in basic science. (See appen(lix table 7-21.)

In sharp contrast, 50 percent of Americans believed
that the United States is behh1,-.! Japan in basic scientific
achievements. This proporlon is up considerably from
the 29 percent of Amep.;,n - who held this belief in 1985
(NSI3 1987). ;Higher .entages of women and younger
adults cited Japanc: eriority in basic science% (See
appendix table 7-21.)

These results are surprising since Japan has, until
recently, been engaged in relatively little basic research.
It is possible that U.S. respon6ents confused "science"
with "i.echnology" in their answers. Two attentive
publicsone for scientific discoveries and one for space
expkwationhoth placed the United States behind Japan
in basic science less often. As noted earlier, these
publics were among the most highly educated of the
attentive groups discussed in this chapter. (See text
table 7-1.)

I ,)
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Text table 7-6.
U.S. assessments of basic science and military
technology

Versus
Europe

Versus the
Soviet Union

Versus
Japan

Basic science

--Percent

U.S. is ahead 46 61 23

U.S. is at same level . . 36 28 25

U.S. is behind 14 7 50

Military technology
U.S. is ahead 69 46 71

U.S. is at same level . . 26 42 18

U.S. is behind 3 7

NOTE: "Don't knoW responses were omitted.

See appendix tables 7.21 and 7-23.
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The 46 percent of Americans who fell that the United

States is ahead of Europe in basic science is matdwd by

.16 percent of Europeans who agreed with them.
However, within Ow member countries of the EC, strong
differences are evident on this indicator. (See appendix

tabl( 7-22.) lArge majorities in Italy. Spain, Ireland, and

Greece place Europe behind the I 'nited States: popula-

tions in the Other countries viewed Europe more favor-

ably in the cmnparisons, In these assessments, it is pos.

sible that the respondents were inaking reference to
national rather than Europm standing.'" On the other

Batter, I >tn'ttl(t. int() Evans 11991. it, 9) mkt. 01);ervaljoii.
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hand, each national group may view "Europe" from a

unique national perspective.
Europeans were less pessimistic about their standing

in basic science vis-a-vis the Japanese than were Ameri-

cans. In Europe, 11 percent felt that umtw is less ad-
vanced than Japan. West Germans stood out anumg the

European respondents: only 22 percent felt that Europe

is less advanced than Japan in basic science, another 30

percent felt the two countries were at the same level, and

39 percent felt that Eurow is nmre advanced than Japan

in basic science. (See appen(lix table 7-22.)
The Japanese, when asked a similar question in 1987,

tended to disagree with the U.S. responses and agree

with the European responses (NSB 1987)." Only 211 per-

cent felt that Japan was ahead of the United States in
"basic science and technology," but strong majorities
placed Japan ahead of West Germany, Britain, and
France in these achievements.

Military Technologies. Pronounced changes have

occurred in Americans' assessments of the military tech-

nology of the United States and the Soviet UMon. In
1985, 33 percent of U,S, .,..espondents felt that the United
States was ahead of the Soviet Union in military technol-
ogy:10 percent felt it was at the same level (NSB 1987).

In 1990, those percentages had changed to .1(i percent

and 12 percent, respectively. (See text table 7-(i.) Also in

1990, even higher percentages of highly educated
respondents and of the attentive publics for nuclear
power, new technologies, and space exploration placed
the United Stak.s ahead of the Soviet I nio m in military

technologies. (See appendix table 7-23.)

The japancsa. wt.ii . a,kud about \Vest Cerittany. 'aria Britain, and

Friutt.c. not about "Luropt.."
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Appendix table 1-1.
Student achievement scores in science, hy age, gender, and race/ethnicity:
1970-90 assessments

Gender and race/ethnicity 1970 1973 1977 1982 1986 1990

9-year-olds

Total 224.9 220.3 219.9 220.9 224.3 228.7

Male 227.6 222.5 222.1 221.0 227.3 230.3

Female 222.7 218.4 2 ;7.7 220.7 221.3 227.1

White 235.9 231.1 229.6 229.1 231.9 237.5

Black 178.7 176.5 174.9 187.1 196.2 196.4

Hispanic NA NA 191.9 189.0 199.4 206.2

13-year-olds

Total 254.9 249.5 247.4 250.2 251,4 255.2

Male 256.8 251.7 251.1 255.7 256.1 258.5

Female 253.0 247.1 243.8 245.0 246.9 251.8

White 263.4 258.6 256.1 257.3 259.2 264.1

Black 214.9 205.3 208.1 217.2 221.6 225.7

Hispanic NA NA 213.4 225.5 226.1 231.6

17-year-olds

Total 304.8 295.8 289.6 283.3 288.5 290.4

Male 313.8 304.3 297.1 291.9 294.9 295.6

Female 296.7 288.3 282.3 275.2 282.3 285.4

White 311.8 303.9 297.7 293.2 297.5 300.9

Black 257.8 250.4 240.3 234.8 252.8 253.0

Hispanic NA NA 262.3 248.7 259.3 261.5

NA = not available

SOURCE: I.V.S. Mullis. J.A. Dossey. M.A. Foertsch, L.R. Jones, C.A. Gentile. "Trends in Academic Progress:
Achievement of American Students in Science. 1970-90. Mathematics. 1973-90, Reading, 1971-90, and Wrding, 1984-
90," review draft (Washington, DC: National Center for Education Statistics, August 1991).

See figures 1-1. 1-2, and 1-3, and figure 0-12 in Overview. Science & Engineering Indicators - 1991
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Appendix table 1-2.
Percentage of students achieving at or above science proficiency levels, by age: 1977-90 assessments

Level and description

150 - Knows everyday science facts. Students at this level know some general scientific
facts of the type that could be learned from everyday experiences. They can read simple
graphs, match the distinguishing characteristics of animals, and predict the operation of
familiar apparatus that work according to mechanical principles.

200 - Understands simple scientific principles. Students at this level are developing
some understanding of simple scientific principles, particularly in the life sciences. For
example, they exhibit some rudimentary knowledge of the structure and function of
plants and animals.

250 - Applies basic scientific information. Students at this level can interpret data from
simple tables and make inferences about the outcomes of experimental procedures. They
exhibit knowledge and understanding of the life sciences, including a famiharity with some
aspects of animal behavior and of ecological relationships. These students also demonstrate
some knowledge of basic information from the physical sciences.

300 - Analyzes scientific procedures and data. Students at this level can evaluate the
appropriateness of the design of an experiment. They have more detailed scientific knowl-
edge and the skill to apply their knowledge in interpreting information from text and graphs.
These students also exhibit a growing understanding of principles from the physical sciences.

350 - Integrates specialized scientific information. Students at this level can infer
relationships and draw conclusions using detailed scientific knowledge from the physical
sciences, particularly chemistry. They also can apply basic prtIciples of genetics and
interpret the societal implications of research in this field.

Assessment years

Age 1977 1982 1986 1990

Percent-
9 94 95 96 97

13 99 100 100 100
17 100 100 100 100

9 68 71 72 76
13 86 90 92 92
17 97 96 97 97

9 26 24 28 31

13 49 51 53 57
17 82 77 81 81

9 3 2 3 3

13 11 10 9 11

17 42 37 41 43

9 0 0 0 0
13 1 0 0 0
17 9 7 8 9

SOURCE: I.V.S. Mu lbs. J.A. Dossey. M.A. Foertsch. L R. Jones. C.A. Gentile. -Trends in Academic Progress Achievement of American Students in Science. 1970
90. Mathematicr, 1973-90, Reading. 1971-90, and Writing, 1984-90," review draft (Washington. DC: National Center for Education Statistics. August 1991).

See text table 1-1. Science & Engineering Indicators - 1991
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Appendix table 1-3.
Percentage of students achieving at or above science proficiency levels, by age and
race/ethnicity: 1977 and 1990 assessments

Assessment years

Proficiency level and age

1977 1990

White Black Hispanic White Black Hispanic

Level 150
Percent

9 98 72 85 99 88 94

13 100 93 94 100 99 99

17 100 99 100 100 99 100

Level 200
9 77 27 42 84 46 56

13 92 57 62 97 78 80

17 99 84 93 99 88 92

Level 250
9 31 4 9 38 9 12

13 57 15 18 67 24 30

17 88 41 62 90 51 60

Level 300
9 4 0 0 4 0 0

13 13 1 2 14 2 3

17 48 8 19 51 16 21

Level 350
9 0 0 0 0 0 0

13 1 0 0 1 0 0

17 10 0 2 11 2 2

NOTE: See appendix table 1-2 for a description of the proficiency levels.

SOURCE: I.V.S. Mullis. J A. Dossey. M.A. Foertsch. L.R. Jones. C.A. Gentile. Trends in Academic Progress:
Achievement of American Students in Science. 1970-90. Mathematics. 1973-90. Reading. 1971-90. and Writing. 1984-
90." review draft (Washington. DC: National Center for Educahon Statistics. August 1991).

Science & Engineering Indicators 1991

:
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Appendx table 1-4.
Student achievement scores in mathematics, by age, gender, and race/ethnicity:
1973-90 assessments

Gender and race/ethnicity 1973 1978 1982 1986 1990

9-year-olds

Total 219.1 218.6 219.0 221.7 229.6

Male 217.7 217.4 217.1 221.7 229. I
Female 220.4 219.9 220.8 221.7 230.2
White 224.9 224.1 224.0 226.9 235.2
Black 190.0 192.4 194.9 201.6 208.4
Hispanic 202.1 202.9 204.0 205.4 213.8

13-year-olds

Total 266.0 264. 268.6 269.0 270.4

Male 265.1 263.6 269.2 270.0 271.2
Female 266.9 264.7 268.0 268.0 269.6
White 273.7 271.6 274.4 273.6 276.3
Black 227.7 229.6 240.4 249.2 249.1

Hispanic 238.8 238.0 252.4 254.3 254.6

17-year-olds

Total 304.4 300.4 298.5 302.0 304.6

Male 308.5 303.8 301.5 304.7 306.3
Female 300.6 297.1 295.6 299.4 302.9
White 310.1 305.9 303.7 307.5 309.5
Black 269.8 268.4 271.8 278.6 288.5
Hispanic 277.2 276 3 276.7 283.1 283 5

SOURCE: I.V.S. Mullis, J.A. Dossey, M.A. Foertsch,
Achievement of American Students in Science. 1970-90.
1984-90," review draft (Washington, DC: National Center

See figures 1-4, 1-5, and 1-6, and figure 0-12 in Oveme

Jones, C.A. Gentile, 'Ireads in Academic Progress:
Mathematics, 1973-90. Reading, 1971-90, and Writing.
for Education Statistics, August 1991).

w. Science & Engineering Indicators -1991
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Appendix table 1-5.
Percentage of students achieving at or above mathematics proficiency levels, by age: 1978-90 assessments

203

Level and description

150 Simple arithmetic facts. Students at this level know some basic addition and
subtracton facts, and most can add two-digit numbers wIthout regrouping. They
recognize simple situations in which addition and subtraction apply. They also are
developing rudimentary classification skills.

200 Beginning skills and understandings. Students at this level have considerable
understanding of two-digit numbers. They can add two-digit numbers, but are still
developing an ability to regroup in subtraction. They know some basic multiplication
and division facts, recognize relations among coins, can read information from charts
and graphs, and use simple measurement instruments. They are developing some rea-
soning skills.

250 Basic operations and beginning problem-solving. Students at this level have an
initial understanding of the four basic operations. They are able to apply whole number
addition and subtraction skills to one-step word problems and money situations. In multi-
plication, they can find the product of a two-digit and a one-digit number. They can also
compare information from graphs and charts and are developing an ability to analyze
simple logical relations.

300 Moderately complex procedures and reasoning. Students at this level are develop-
ing an understanding of numbe systems. They can compute with decimals, simple fractions,
and commonly encountered pb,cents. They can identify geometric figures, measure lengths
and angles, and calculate areas of rectangles. These students are also able to interpret sim-
ple inequalities, evaluate formulas, and solve simple linear equations. They can find aver-
ages, make decisions on information drawn f. om graphs, and use logical reasoning to solve
problems. They are developing the skills to oper,Ite with signed numbers, exponents, and
square roots.

350 Multi-step problem-solving and algebra. Students at this level can apply a range
of reasoning skills to solve multi-step problems. They can solve routine problems involving
fractions and percents, recognize properties of basic geometric figures, and work with ex-
ponents and square roots. They can solve a variety of two-step problems using variables,
identify equivalent algebraic expressions, and solve linear equations and inequalities. They
are developing an understanding of functions and coordinate systems.

Assessment years

Age 1978 1982 1986 1990

Percent
9 . . . . 97 97 98 99

13 . . . 100 100 100 100

17 . . . 100 100 100 100

9 . . . . 70 71 74 82

13 . . . . 95 98 99 99

17 . . . . 100 100 100 100

9 . . . . 20 19 21 28

13 . . . . R5 71 73 75

17 . . . . 92 93 96 96

9 . . . . 1 1 1

13 . . . . 18 17 16 17

17 . . . . 52 49 52 56

0 0 0 0

13 . . . 1 1 0 0

17.... 7 6 7 7

SOURCE: I.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones. C.A. Gentile, ''Trends in Academic Progress: Achievement of American Students in Science.
1970-90, Mathematics. 1973-90, Reading, 1971-90, and Writing, 1984-90." review draft (Washington, DC: National Center for Education Statistics. August 1991).

See text table 1-2. Science & Engineering Indicators 1991
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Appendix table 1-6.
Percentage of students achieving at or above mathematics proficiency levels, by age
and race/ethnicity: 1978 and 1990 assessments

Proficiency level and age

Assessment years

1978 1990

White Black Hispanic White Black Hispanic

Level 150
Percent

9 98 88 93 100 97 98

13 100 99 100 100 100 100

17 1rn 100 110 100 100 100

Level 200
9 76 42 54 87 60 68

13 98 80 86 99 95 97
17 100 99 99 100 100 100

Level 250
9 23 4 9 33 9 11

13 73 29 36 82 49 57

17 96 71 78 98 92 86

Level 300
9 1 0 0 2 0 0

13 21 2 4 21 4 6

17 58 17 23 63 33 30

Level 350
9 0 0 0 0 0 0

13 1 0 0 0 0 0

17 9 1 1 8 2 2

NOTE: See appendix table 1-5 tor a description ot the proficiency levels.

SOURCE: I.V.S. Mullis. J.A. Dossey. M.A. Foertsch. L.R. Jones. C.A. Gentile. "Trends in Academic Progress:
Achievement of American Students in Science, 197090, Mathematics, 1973-90. Reading, 1971-90, and Writing. 1984-
90," review draft (Washington. DC: National Center tor Education Statistics, August 1991).

Sc;ence & Engineering Indicators - 1991



Science & Engineering Indicators 1991 205

Appendix table 1-7.
Mathematics proficiency of eighth grade public school students,
by region and state: 1990

Average
proficiency 200

Students at or above level

250 300 350

Percent
Nationwide 261 97 64 12 0

Regions
Northeast 269 99 72 16 0
Southeast 253 94 52 8 0
Central 265 98 70 12 0
West 261 97 63 12 0

States'
Alabama 252 96 52 7 0
Arizona 259 98 61 10 0
Arkansas 256 97 57 7 0
California 256 95 56 11 0
Colorado 267 99 72 14 0

Connecticut 270 98 72 19 0
Delaware 261 97 60 13 0
District of Columbia 231 86 23 2 0
Florida 255 96 54 10 0
Georgia 258 96 59 12 0

Hawaii 251 93 49 10 0
Idaho 272 100 79 15 0
Illinois 260 96 64 12 0
Indiana 267 99 71 14 0
Iowa 278 100 84 21 0

Kentucky 256 98 57 8 0
Louisiana 246 94 43 4 0
Maryland 260 96 61 14 0
Michigan 264 98 67 13 0
Minnesota 276 99 82 20 0

Montana 280 100 88 23 0
Nebraska 276 99 81 21 0

New Hampshire 273 100 79 17 0

New Jersey 269 99 72 19 0

New Mexico 256 98 56 8 0

New York 261 96 62 13 0
North Carolina 250 94 49 7 0

North Dakota 281 100 88 24 0

Ohio 264 98 67 12 0
Oklahoma 263 99 67 10 0

Oregon 271 99 76 18 0
Pennsylvania 266 98 69 15 0
Rhode Island 260 96 61 12 0

Texas 258 97 58 10 0
Virginia 264 98 64 15 1

West Virginia 256 98 56 7

Wisconsin 274 99 80 20
Wyoming 272 100 80 15

Territories
Guam 231 81 28 3 0
Virgin Islands 218 76 11 0 0

'Data were reported by 38 states.

SOURCE I V.S Mullis. J.A Dossey. E H. Own, and G.W. Philhps. The State of Mathematics Achievement: NAEPS
1990 Assessment of the Nation and the Tnal Assessment of the States (Washington. DC: Natonal Center for Education
Statistics. 1991).

Science & Engineering Indicators 1991



Appendix table 1-8.
Intended majors of high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90

Intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Percent

All fields 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Total science and engineering 40 44 46 46 47 50 49 46 46 44 48 47 46 46

Total sciences 27 28 28 27 27 29 28 26 26 23 25 26 26 26

Mathematics and statistics 5 5 4 4 4 3 3 3 3 3 3 3 3 3

Computer 3 4 5 5 7 9 10 9 7 4 4 3 3 3

Physical 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Life 5 5 5 4 4 4 4 4 4 4 5 6 6 6

Earth and environmental 1 1 1 1 1 1 1 1 1 1

Psychology 4 4 4 4 4 4 3 3 4 4 4 5 5 5

Social 3 4 4 3 3 3 2 2 2 2 3 3 3 3

Other 2 2 3 2 2 2 2 2 2 2 2 3 3 3

Total engineering 14 16 18 19 20 22 21 20 20 21 23 21 20 20

Total non-science/engineering 25 28 31 27 .e. 3 29 26 25 29 28 34 35 35 35

Humanities 6 6 7 5 .3 6 5 4 5 5 6 6 6 6

Premedicine 8 8 8 8 8 8 8 8 9 7 8 7 7 7

Pre-law 2 4 4 3 3 3 3 3 3 3 3 4 4 4

Business 7 8 10 9 9 10 9 8 10 11 14 15 15 14

Education 3 2 2 2 2 2 1 1 2 2 3 3 3 3

Other, undecided, missing 34 28 23 27 26 21 26 29 25 28 18 19 19 19

' ley, than 1 percent

OUFCE J Grandy. Mawr Field Selections of High School Seniors Above the 90th Percentile in SAT Mathematics(Princeton, NJ: Educational Testing Service, 1996), unpublished tabulations for the National Science

See figures 1-8 arid 1-9
Science & Engineering Indicators 1991
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Appendix table 1-9.
Intended majors of white male high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90

0.
tb

Da

rnz
ro.
z
cb

Intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

:Percent

All fields 100 100 100 100 100 100 100 100 100 100 100 100 100 100 ri)
o.

i 0

Total science and engineering 52 60 59 60 59 63 60 59 58 55 59 56 57 56 5'
Ca.

Total sciences 30 33 31 30 29 30 30 29 28 25 26 26 26 27 ! 2

Mathematics and statistics 6 6 5 4 4 4 3 4 4 3 3 3
: --,

Computer. . 4 5 6 7 8 10 12 11 10 6 6 5 5 4
; 1

Physical 5 6 6 6 5 5 4 4 5 5 5 5 4 4
, co

Life 4 5 4 4 3 3 3 3 3 3 4 4 4 4 : co

Earth and environmental 1 2 1 1 1 1 1 1 1 1

Psychology 1 2 1 1 1 1 1 1 1 1 1 1 1 1

Social 4 4 4 4 3 3 3 3 3 4 4 4 5 4

Other 5 5 5 4 4 4 3 3 3 2 3 4 4 4

Total engineering 22 27 28 29 29 32 30 29 30 30 33 30 31 29

Total non-science/engineering 23 27 26 25 23 22 20 21 23 22 30 29 29 29

Humanities 4 4 4 4 4 3 3 3 3 4 4 5 5 5

Premedicine 8 9 8 8 8 7 7 8 6 6 rJ 5 5 5

Pre-law 3 5 5 4 4 4 3 3 3 2 3 4 4 4

Business 7 8 9 8 8 8 7 7 9 9 13 14 14 14

Education 1 1 1 1 ' 1 1 1 2 1 2

Other. undecided. missing 25 14 15 16 19 15 20 21 19 23 14 15 15 15

less than 1 percent

SOURCE J. Grandy, Major Field Selections of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton, NJ: Educational Testing Servce, 1990). unpublished tabulations for the National Science

Foundation.
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Appendix table 1-10.
Intended majors of white female high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90

Intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Percent

All fields 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Total science and engineering 32 32 37 34 37 41 40 37 39 34 37 37 37 37

Total sciences 27 26 29 26 28 30 29 27 29 25 27 28 28 29

Mathematics and statistics 5 5 4 4 4 4 4 4 4 3 3 3 3 3

Computer 2 3 4 4 6 8 8 6 4 2 2 2 1 1

Physical 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Life 7 7 7 5 6 6 5 5 6 6 7 7 7 8

Earth and environmental 1 1 1 1 1 1 1 1 1 1

Psychology 3 3 4 3 4 4 3 4 5 4 5 5 5 5

Social 5 4 5 4 4 4 4 4 5 5 6 7 7 7

Other 2 2 3 2 2 2 2 2 2 2 2 3 3 3

Total engineering 5 6 8 8 10 12 11 10 11 10 10 10 9 9

Total non-science/engineering 29 30 36 31 34 36 32 31 38 35 40 41 41 40

Humanities 9 9 10 8 8 9 8 7 9 8 9 9 10 9

Premedicme 7 6 7 7 7 8 8 8 8 7 7 6 6 6

Pre-law 2 3 3 3 4 4 3 3 4 3 4 4 4 5

Business 7 8 11 10 11 12 11 10 14 13 15 15 15 14

Education 5 4 4 3. 4 3 3 3 4 4 5 6 6 7

Other. undecided. missing 38 38 27 37 29 23 28 33 23 31 22 22 22 22

lef-.s than 1 percent

1 Grandy. Major Fwld Selections of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton. NJ: Educational Testing Servce. 1990). unpublished tabulations for the National Science

Foundation

Science & Engineering Indicators 1991
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Appendix table 1-11.
Intended majors of black male !ligh school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90

Intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 P°
rnZ

ttz
Z.

1
.Z.'

co
6-
n.
iv
gb

. 6.
-e,1

1

Z8
, (0

All fields

Total science and engineering
Total sciences

Mathematics and statistics
Computer
Physical

. Life
Earth and environmental
Psychology
Soci:-.711

Tali !-1.^:gin,.,ANng

Total non-science'engineering
Humanities
Premedicine
Pre-law
Business
Education

Other, undecided. missing

100

36
15

2

3

2

2

3

2

21

20
3

8

2

7

1

44

100

47
19

2

4

2

3

1

1

.,,-.,

3

28

25
3

8
3

10

1

29

100

44
18

2

5
2

3

1

1

3

3

26

25
3

7

4

10
1

30

100

48
17

1

4

2

2

1

1

3

3

31

25
3

8

3

10

1

28

100

48
19

2

7

2

3

2

3

29

22
2
7

2

9

31

100

52
21

1

9

1

3

2

2

31

22
2

8

3

9

26

Percent
100 100

53 55

22 23
2 1

11 13

2 1

3 3

'

2 2

2 2

31 32

20 23

2 2

7 8

3 3

8 10

1

27 22

100

52
21

2

10

2

2

3

2

31

23
2

7

3

10

1

25

100

51

19

2

7

1

3
a

3

3

32

25
3

6

2

13

25

100

56
22

2
7

2

4

'
'
3

3

34

32
3

8

3

17
1

12

100

53
19

1

6

2

3
.

3

3

34

34
3

6

4

19

1

13

100

53
20

2

6

1

3

3
3

33

35
3

7

5

19

1

13

I

100

55
21

2

6

2

3

3

3

34

33
3

7

5

17
1

13

lef-,s than 1 percent

SOURCE J Gmndy. Maior Peld Selnchons of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton, NJ: Educational Testing Servce. 1990), unpublished tabulations for the National Science

Foundat(on.
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Appendix table 1-12.
Intended majors of black female high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90

Intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 198S 1989 1990

Percent
All fields 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Total science and engineering 25 31 30 30 33 34 36 35 33 31 36 36 36 36

Total sciences 18 21 20 18 21 22 23 22 21 18 21 22 23 22

Mathematics and statistics 2 3 2 2 1 1 2 2 2 1 2 2 2 2

Computer 2 4 4 4 7 9 11 9 7 5 4 4 4 3

Physical 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Life 3 3 4 3 3 3 3 4 4 4 4 5 4 4

Earth and environmental ' ' . .

Psychology 4 5 5 4 4 3 3 3 4 4 5 5 6 5

Social 4 5 4 3 3 3 3 3 3 3 4 5 5 5

Other 1 2 1 1 2 1 1 1 1 1 1 2 2 2

Total engineering 7 10 10 12 12 12 13 13 12 13 14 14 12 14

Total non-science/engineering 29 35 35 29 34 29 29 30 35 35 46 47 46 46

Humanities 5 6 6 4 5 4 3 3 4 4 4 5 5 5

Premedicine 10 11 11 10 12 11 11 11 12 12 14 12 12 13

Pre-law 3 5 5 4 5 4 4 4 4 4 6 7 8 7

Business 8 10 12 10 12 10 10 11 13 14 20 20 19 18

Education 3 3 3 1 1 1 1 1 1 1 2 3 3 3

Other, undecided, missing 46 35 34 42 34 37 35 35 32 34 18 17 18 18

less than 1 percent

So lifIcr J. Grandy, Major Fwld Selections of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton, NJ: Educational Testing Servce, 1990), unpubhshed tabulations for the National Science

Foundation
Science & Engineering Indicators - 1991
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Appendix table 1-13.
Percentage of 17-year-old students studying science subject
matter for 1 year or more: 1982, 1986, and 1990

Subject and student characteristic 1982 1986 1990

Percent
General science

Total 61 69 56
Male 63 71 60
Female 59 67 53
White 61 71 56
Black 66 62 58
Hispanic 58 64 69

Life science
Total 27 40 30
Male 29 45 32
Female 26 34 28
White 27 40 28
Black 27 40 35
Hispanic 31 41 44

Physical science
Total 33 41 41

Male 33 43 42
Female 33 40 40
White 32 41 39
Black 34 45 47
Hispanic 35 37 55

Earth and some sciences
Total 27 38 35
Male 30 41 35
Female 25 34 34
White 28 38 34
Black 28 44 35
Hispanic 20 23 38

Bioiogy
Total 76 80 85
Male 74 78 82
Female 78 82 87
White 78 81 86
Black 66 77 79
Hispanic 62 70 78

Chemistry
Total 31 33 42
Male 31 34 40
Female 30 31 45
White 33 35 44
Black 19 23 36
Hispanic 13 16 26

Physics
Total 11 11 10
Male 14 13 12
Female 9 8 9
White 11 11 9
Black 12 9 13
Hispanic 9 7 11

NOTE: Data are based on self-reports of 17-year-olds on different subjects studied for 1
year or more.

SOURCE: I.V.S. Mullis. J.A. Dossey. M.A. Foertsch. LR. Jones, C.A. Gentile. "Trends in
Academic Progress: Achievement of American Students in Science. 1970-90.
Mathematics, 1973-90. Reading. 1971-90, and Writing, 1984.90," review draft
(Washington. DC: National Center for Education Statistics. August 1991).
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Appendix table 1-14.
Percentage of 17-year-old students by highest level
of mathematics course taken: 1978 and 1990

Subject and student characteristic 1978 1990

Percent
Pre-algebra or general mathematics

Total 20 15

Male 21 16

Female 20 14

White 18 15

Black 31 16

Hispanic 36 21

Algebra 1
Total 17 15

Male 15 16

Female 18 15

White 17 15

Black 19 16

Hispanic 19 24

Geometry
Total 16 15

Male 15 16

Female 18 14

White 17 15

Black 11 17

Hispa nic 12 13

Algebra 2
Total 37 44

Male 38 42
Female 37 47

White 39 46

Black 28 41

Hispanic 23 32

Precalculus or calculus
Total 6 8

Male . 7 8

Female 4 8

White 6 8

Black 4 6

Hispanic 3 7

SOUHCE: I.V.S. Mullis. J.A. Dossey. M.A. Foertsch, L.R. Jones, C.A. Gentile. "Trends in
Academic Progress: Achievement of American Students in Science. 1970-90.
Mathematics, 1973-90. Reading, 1971-90, and Writing, 1984-90," review draft
(Washington, DC: National Center for Education Statistics, August 1991).
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Appendix table 1-15.
Estimated proportion of public high school students taking
selected science courses by graduation, by state: fall 1989
(page 1 of 2)

State Biology Chemistry Physics

Percent
U.S. total' 95+ 45 20

Alabama 95+ 38 21

Alaska NA NA NA
Arizona NA NA NA
Arkansas 95+ 33 13

California 91 33 16

Colorado NA NA NA
Connecticut 95+ 62 36
Delaware 95+ 48 19

District of Columbia 75 46 13

Florida 95+ 44 19

Georgia NA NA NA
Hawaii 88 40 21

Idaho 80 26 15

Illinois 78 40 20
Indiana 95+ 42 19

Iowa 95+ 57 27
Kansas 95+ 45 17

Kentucky 95+ 45 14

Louisiana 90 50 21

Maine 94 58 NA

Maryland 95+ 61 27

Massachusetts NA NA NA
Michigan NA NA NA
Minnesota 95+ 44 23
Mississippi 95+ 55 17

Missouri 86 41 16

Montana 95+ 48 24
Nebraska 95+ 46 21

Nevada 65 33 13

New Hampshire NA NA NA

New Jersey NA NA NA
New Mexico r 95+ 3'. 15

New York 95+ 56 28
North Carolina 95+ 47 15

North Dakota 95+ 54 24

Ohio 95+ 49 20
Oklahoma 93 37 10

Oregon NA NA NA
Pennsylvania 95+ 56 29
Rhode Island NA NA NA

(continued)
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Appendix table 1-15.
Estimated proportion of public high school students taking
selected science courses by graduation, by state: fall 1989
(page 2 of 2)

State Biology Chemistry Physics

Percent
South Carolina 95+ 51 16

South Dakota NA NA NA

Tot Inessee 88 42 11

Texas 95+ 40 12

Utah 80 37 20

Vermont NA NA NA

Virginia 95+ 57 23

Washington NA NA NA

West Virginia 95+ 40 11

Wisconsin 95+ 51 25

Wyoming 86 36 16

NA = not available

NOTES: Each state proportion is a statistical estimate of coursetaking by high school
students by the time they graduate. The estimate is based on the total course enrollment
in grades 9-12 in fall 1989 divided by the estimated number of students in a grade cohort
during 4 years of high school. The statistical estimation method is imprecise for states
above 95-percent coursetaking rate.

'U.S. total is the proportion of public high school students estimated to take each course,
including imputation for nonreporting states.

SOURCE: R.K. Blank and M. Dalkilic, State Indicators of Science and Mathematics
Education: 1990 (Washington, DC: Council of Chief State School Officers, 1991).
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Appendix table 1-16.
Estimated proportion of public high school students taking
selected mathematics courses by graduation, by state: fall 1989
(page 1 of 2)

State Algebra 1' Algebra 2 Calculus

Percent
U.S. total' 81 49 9

Alabama 70 46 6

Alaska NA NA NA

Arizona NA NA NA
Arkansas 88 48 5

California 92 44 9

Colorado NA NA NA

Connecticut 74 61 14

Delaware 73 43 17

District of Columbia 65 39 3

Florida 78 42 9

Georgia NA NA NA

Hawaii 52 33 4

Idaho 95+ 64 6

Illinois 77 39 9

Indiana 60 45 8

Iowa 92 50 9

Kansas 66 47 9

Kentucky 81 54 6

Louisiana 95+ 64 4

Maine 84 64 NA

Maryland 94 51 13

Massachusetts NA NA NA

Michigan NA NA NA

Minnesota 90 55 12

Mississippi 85 58 3

Missouri 95 58 8

Montana 94 65 6

Nebraska 75 54 6

Nevada 90 32 5

New Hampshire NA NA NA

New Jersey NA NA NA

New Mexico 95+ 47 8

New York 69 46 12

North Carolina 67 51 8

North Dakota 95 64 3

Ohio 80 47 8

Oklahoma 95+ 60 8

Oregon NA NA NA

Pennsylvania 88 57 16

Rhode Island NA NA NA

(continued)
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Appendix table 1-16.
Estimated proportion of public high school students taking
selected mathematics courses by graduation, by state: fall 1989
(page 2 of 2)

State Algebra 1' Algebra 2 Calculus

Percent
South Carolina 69 55 7

South Dakota NA NA NA

Tennessee 79 54 4

Texas 82 54 5

Utah 82 63 13

Vermont NA NA NA

Virginia 81 55 11

Washington NA NA NA

West Virginia 73 42 2

Wisconsin 79 36 9

Wyoming 73 29 8

NA = not available

NOTES: Each state proportion is a statistical estimate of coursetaking by high school
students by the time they graduate. The estimate is based on the total course enrollment
in grades 9-12 in fall 1989 divided by the estimated number of students in a grade
cohort during 4 years of high school. The statistical estimation method is imprecise for
states above 95-percent coursetaking rate.

'Algebra I percentages include grade 8.

U.S. total is the proportion of public high school students estimated to take each course,
including imputation for nonreporling states.

SOURCE: R.K. Blank and M. Dalkilic, State Indicators of Science and Mathematics
Education: 1990 (Washington, DC: Council of Chief State School Officers, 1991).
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Appendix table 1-17.
Average credits earned by public high school graduates in science, by gender and
race/ethnicity: 1969-87

Subject and student characteristic 1969 1975-78 1979-81 1982 1987

Percent
All science credits

Male 2.38 2 40 2.26 2.23 2.53
Female 2.10 2.14 2.11 2.11 2.49
White 2.28 NA NA 2.25 2.57

Asian 2.38 NA NA 2.57 3.00
Black 2.02 1.96 1.95 2.04 2.31

Hispanic 2.01 1.98 1.81 1.78 2.20
Native American NA NA NA 1.96 2.44

Survey courses
Male 0.92 0.56 0.57 0.78 0.78

Female 0.74 0.51 0.48 0.71 0.73

White 0.80 NA NA 0.73 0.74

Asian 1.08 NA NA 0.51 0.65
Black 0.87 0.55 0.54 0.82 0.90
Hispanic 0.99 0.51 0.33 0.77 0.77
Native American NA NA NA 0.72 0.81

Biology
Male 0.88 0.97 0.86 0.89 1.04

Female 0.99 0.99 0.98 0.96 1.13

White 0.94 NA NA 0.96 1.11

Asian 0.69 NA NA 1.08 1.11

Black 0.95 0.84 0.83 0.88 1.00

Hispanic 0.89 0.86 0.84 0.79 1.05

Native American NA NA NA 0.77 1.22

Chemistry
Male 0.42 0.42 0.37 0.35 0.47

Female 0.32 0.35 0.33 0.33 0.47
White 0.41 NA NA 0.38 0.50
Asian 0.47 NA NA 0.60 0.80
Black 0.17 0.22 0.21 0.25 0.31

Hispanic 0.11 0.34 0.24 0.15 0.28

Native American NA NA NA 0.35 0.32

Physics
Male 0.16 0.45 0.46 0.21 0.25
Female 0.06 0.29 0.32 0 12 0.16
White 0.13 NA NA 0.19 0.22

Asian 0.15 NA NA 0.39 0.43
Black 0.04 C.37 0.37 0.09 0.11

Hispanic 0.03 0.28 0.33 0.06 0.09
Native American NA NA NA 0.11 0.09

SOURCE: J. Tuma, A. Gifford, D. Harde. E.G. Hoachlander, and L. Horn, Cow Enrollment Patterns in Public
Secondary Schools, 1969 to 1987 (Berkeley, CA: MPR Associates, Inc., 1989).
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Appendix table 1-18.
Average credits earned by public high school graduates in mathematics, by gender and
race/ethnicity: 1969-87

Subject and student characteristic 1969 1975-78 1979-81 1982 1987

Percent

All mathematics credits
Male 2.73 2.51 2.57 2.64 3.06

Female 2.23 2.21 2.31 2.47 2.97

White 2.52 NA NA 2.60 3.03

Asian 3.12 NA NA 3.14 3.70

Black 2.19 2.98 2.40 2.55 2.96

Hispanic 2.22 2.18 2.42 2.2 42.86

Native American NA NA NA 2.09 3.06

Basic mathematics
Male 0.33 0.17 0.10 0.11 0.14

Female 0.31 0.15 0.08 0.08 0.12

White 0.28 NA NA 0.07 0.09

Asian 0.14 NA N 0.08 0.09

Black 0.51 0.24 0.15 0.20 0.25

Hispanic 0.61 0.16 0.09 0.15 0.35

Native American NA NA NA 0.26 0.10

General mathematics
Male 0.25 0.45 0.51 0.50 0.38

Female 0.21 0.45 0.45 0.40 0.30

White 0.21 NA NA 0.37 0.29

Asian 0.19 NA NA 0.33 0.22

Black 0.33 0.74 0.80 0.72 0.63

Hispanic 0.33 0.52 0.52 0.68 0.44

Nafive American NA NA NA 0.49 0.48

Algebra
Male 0.85 0.64 0.65 0.55 0.66

Female 0.79 0.62 0.68 0.59 0.68

White 0.83 NA NA 0.60 0.69

Asian 0.82 NA NA 0.60 0.71

Black 0.77 0.50 0.57 0.47 0.59

Hispanic 0.67 0.66 0.67 0.45 0.59

Native American NA NA NA 0.40 0.67

Geometry
Male 0.57 0.50 0.50 0.45 0.57

Female 0.48 0.44 0.47 0.46 0.59

White 0.58 NA NA 0.51 0.62

Asian 0.76 NA NA 0.68 0.75

Black 0.27 0.26 0.27 0.30 0.43

Hispanic 0.27 0.35 0.40 0.24 0.40

Native American NA NA NA 0.25 0.45

Calculus
Male 0.01 0.03 0.03 0.05 0.07

Female 0.02 0.03 0.04 0.05

White 0.01 NA NA 0.05 0.06

Asian 0.01 NA NA 0.13 0.26

Black
Hispanic

0.01

0.01

0.01

0.02
0.02
0.02

0.03
0.03

Native American NA NA NA 0.02

= less than 0.01 credits: NA = not available

SOURCE: J Tuma. A. Gifford, D. Harde, E.G. Hoachlander. and L. Horn, Course Enrollment Patterns in Public
Secondary Schools. 1969 to 1987 (Berkeley, CA: MPR Asscnates, Inc., 1989).
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Appendix table 1-19.
Trends in mathematics classroom activities at age 17: 1978 and 1990

In your high school mathematics courses, how often did you:

1978 1990

Listen to a teacher explain a mathematics lesson
--Percent--

Often 79 84

Sometimes 19 13

Never 2 3

Discuss mathematics in class
Often 51 63

Sometimes 43 31

Never 7 7

Watch the teacher work mathematics problems on the board
Often 80 85

Sometimes 18 12

Never 2 3

Work mathematics problems on the board
Often 28 28

Sometimes 60 52

Never 12 21

Make reports or do projects on mathematics
Often 2 5

Sometimes 23 23

Never 75 72

Take mathematics tests
Often 64 84
Sometimes 33 14

Never 3 2

SOURCE: I.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, "Trends in Academic
Progress: Achievement of American Students in Science, 1970-90, Mathematics, 1973-90, Reading,
1971-90, and Writing, 1984-90," review draft (Washington, DC: National Center for Education
Statistics, August 1991).
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Appendix table 1-20.
Frequency of scientific experiments conducted in public school eighth grade science
classes, by student background: 1988

Number of science experiments

0 or <1
Student characteristic pe month

About 1
per month

About 1
per week

About 1
per day

-Percentage of students reporting
Total 20.6 20.4 46.9 12.1

Socioeconomic status
Low 29.2 21.3 41.0 8.5
Middle 20.4 21.7 46.9 11.0
High 11.6 16.2 53.5 1b.7

Race/ethnicity
White 19.7 20.0 47.4 12.9

Asian/Pacific Islander 13.8 17.6 48.2 20.5
Black 23.2 24.1 43.3 9.5
Hispanic 24.6 21.8 22.5 8.4
Native Americart/Alaskan Native . . 34.5 16.0 44.3 5.2

SOURCE: A. Hafner and L. Horn, Survey Report: A Profile of American Eighth Grade Mathematics and Science
Instruction (Washington, DC: National Center for Education Statistics, in press).
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Appendix table 1-21.
Elementary school class time spent on science
and mathematics, by state: 1990

Science

State Grades 1-3 Grades 4-6

Mathematics

Grades 1-3 Grades 4-6

Hours/week

Median 2.3 3.0 4.8 4.9

Alabama 2.8 3.7 4.8 4.8
Alaska 2.3 3.0 4.7 4.7
Arizona 2.2 3.2 5.0 5.3

Arkansas 2.4 3.4 5.0 5.0
California 2.5 2.7 4.9 4.7

Colorado 2 6 3.2 5.0 4.9
Connecticut 2.0 3.0 5.0 5.3

Delaware 1.8 2.3 4.7 4.4
District of Columbia . . . 2.9 3.0 6.0 4.8
Florida 2.6 3.2 4.9 4.9

Georgia 2.6 3.3 4.6 4.9

Hawaii 2.3 2.8 4.5 6.5

Idaho 2.5 2.9 4 7 4.9

Illinois 2.2 3.3 4.6 4.8
Indiana 2.9 3.2 5.7 4.5

Iowa 2.2 2.7 4.3 5.0

Kansas 2.2 3.1 4.8 4.9

Kentucky 2.9 3.5 5.0 4.7

Louisiana 3.3 3.6 4.6 5.4
Maine 2.7 3.0 4.7 4.7

Maryland 2.0 2.9 5.3 5.0

Massachusetts 1.8 2.3 5.2 5.4

Michigan 2.7 2.8 4.9 5.0

Minnesota 2.4 2.3 4.4 4.7

Mississippi 2.8 2.4 5.2 6.0
Missouri 2.3 3.6 5.2 4.9
Montana 2.1 3.3 4.6 3.8

Nebraska 2.2 3.5 4.3 4.9

Nevada 1.9 3.2 4.9 4.8

New Hampshire 2.0 4.1 4.6 5.0

New Jersey 2.1 2.4 4.6 5.2

New Mexico 2.6 3.5 5.3 5.4

New York 2.2 3.0 5.0 4.8

North Carolina 2.9 3.8 4.8 5.3
North Dakota 2.3 3.4 4.7 4.7

Ohio 2.1 3.3 4.2 4.1

Oklahoma 2.3 3.1 4.6 4.3
Oregon 2.2 3.0 5.0 4.7

Pennsylvania 2.1 2.7 4.7 4.7

Rhode Island 1.3 2.4 4.8 4.8

South Carolina 2.4 3.4 5.0 5.1

South Dakota 2.7 3.5 5.0 5.1

Tennessee 2.4 2.8 4.9 5.5

Texas 3.5 4.0 5.1 5.1

Utah 2.1 2.2 4.9 5.0

Vermont 2.8 2.9 5.2 4.8
Virginia 2.4 3.0 5.2 5.2

Washington 1.9 2.6 4.7 4.5

West Virginia 1.9 3 0 4.7 4.6

Wisconsin 2.4 2.9 4.5 5.4

Wyoming 2.7 3.7 4.5 4.6

SOURCE: R.K. Blank and M. Dalkilic. State Indicators of Science and Mathematics
Education: 1990 (Washington. DC: Council of Chief State School Officers, 1991).
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Appendix table 1-22.
Public school eighth graders in mathematics classes with
algebra or tractions taught as major topic, by student
background: 1988

Student characteristic Algebra Fractions

Percentage of students reporting-

Total 62.0 64.3

Socioeconomic status
Low 49.3 79.2
Middle 59.1 68.1

High 74.8 52.4

Race/ethnicity
White 62.3 63.8
Asian/Pacific Islander 67.4 54.6
Black 48.5 80.4
Hispanic 57.5 80.6
Native American/Alaskan Native 48.3 82.9

SOURCE: A. Hafner and L. Horn. Survey Report: A Profile of American Eighth Grade
Mathematics and Science Instruction (Washington. DC: National Center for Education
Statistics, in press).
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Appendix table 1-23.
Federal FY 1992 budget, by agency and major program area

Agency
Total

precollege

Program areas

Teacher preparation Curriculum
& enhancement development'

Comprehensive/
organization reform

Student
incentives Other

Millions of dollars

Total 660.62 358.53 137.27 57.57 47.75 59.50

National Science Foundation 253.05 97.30 84.75 47.55 11.00 12.45

Education 313.80 239.00 34.80 0.00 0.00 40.00

Energy 21.65 6.20 1.90 6.40 5.75 1.40

Defense 4.97 0.63 0.00 0.00 4.34 0.00
Commerce 0.55 0.25 0.09 0.00 0.21 0.00

National Aeronautics and Space 14.10 5.57 5.60 0.28 0.55 2.10

Interior 21.96 2.06 3.60 0.50 14.32 1.49

Health and Human Services 21.77 5.15 4.52 0.60 10.87 0.62

Environmental Protection 8.07 2.37 2.01 2.04 0.21 1.44

Agriculture 0.70 0.00 0.00 0.20 0.50 0.00

'Includes orogram assessment and evaluation.

SOURCE: Federal Coordinative Council for Science. Engineering, and Technology. By the Year 2000: Report of the FCCSET Committee on Education and Human
Resources:budget summary. FY 1992 (Washington. DC: Office of Science and Technology Policy. 1991).
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Appendix table 2-1.
Number of institutions awarding baccalaureates, by Carnegie classification: 1988

Number of institutions

Social
Natural sciences &

Carnegie category Total Total S&E sciences psychology
S&E Natural

Engineering technologies Total S&E sciences

Number of degrees

Social
sciences &
psychology

S&E
Engineering technologies

Total

Research I
Research II
Doctorate-granting I
Doctorate-granting II .

Comprehensive I
Comprehensive II
Liberal arts I
Liberal arts II
Two-year institution
Specialized
Other
Not classified

1,739 1,392 1,331 1,222 370 302 327,999 123,115 115,239 70,406 19,239

69 67 67 66 63 18 97,541 33,503 33,429 28,452 2,157

34 34 34 34 28 11 30,841 10,162 10,948 8,476 1,255

48 47 46 47 31 19 25,605 8,843 9,468 5,826 1,468

56 54 54 50 36 17 24,662 8,477 6,904 7,928 1,353

395 394 393 379 120 149 95,257 39,596 32,884 14,706 8,071

165 163 162 150 20 25 10,574 5,458 4,013 623 480

141 138 138 135 18 3 19,856 7,238 12,027 588 3

413 380 357 339 24 25 11,409 5,803 4,987 351 268

27 15 8 2 1 7 591 39 16 129 407

333 83 60 14 20 24 8,691 2,995 100 2,233 3,363

20 11 8 4 8 0 2,221 692 439 1,090 0

38 6 4 2 1 4 751 309 24 4 414

NOTE: S&E = sc,ance and engineering.

SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations from theCompletion Survey conducted by the National Center for Education Statistics.

See figure 2-1 and text table 2-1.
Science & Engineering Indicators - 1991

2 1 2



Appendix table 2-2.
Number of institutions awarding masters degrees, by Carnegie classification: 1988

Number of institutions Number of degrees
_ .

Social Social
Natural sciences & S&E Natural sciences & S&E

Carnegie category Total Total S&E sciences psychology Engineering technologies Total S&E sciences psychology Engineering technologies

Total

Research I
Research II
Doctorate-granting I
Doctorate-granting II .

Comprehensive I
Comprehensive II
Liberal arts I
Liberal arts II
Two-year institution
Specialized
Other
Not classified

1,172 645 529 476 242 56 64,721 26,809 14,197 22,891 824

69 68 68 66 65 6 26,094 10,527 3,805 11,688 74

34 34 34 34 28 3 7,836 3,356 1,368 3,044 68

49 48 46 48 25 7 6,289 2,690 1,695 1,758 146

57 57 53 45 31 7 6,264 2,723 1,238 2,215 88

356 275 233 199 68 27 13,532 6201, 4,239 2,735 357
111 43 23 26 4 3 870 163 625 72 10

49 28 20 17 2 0 661 154 471 36 0

131 26 9 21 1 0 339 69 269 1 0

1 0 0 0 0 0 0 0 0 0 0

266 45 37 5 13 2 1,524 764 75 680 5

30 19 5 14 4 1 1,292 157 406 653 76

19 2 1 1 1 0 20 5 6 9 0

NOTE S&E science and engineering.

SOURCE Science Resources Studies Division, National Science Foundation, unpublished tabulations from the Completion Survey conducted by the National Center for Education Statistics..

See figure 2-1 and text table 2-1. Science & Engineering Indicators - 1991
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Appendix table 2-3.
Number of institutions awarding doctorates, by Carnegie classification: 1988

Number of institutions Number of degrees

Social Social

Natural sciences & S&E Natural sciences & S&E

Carnegie category Total Total S&E sciences psychology Engineering technologies Total S&E sciences psychology Engineering technologies

Total

Research I
Research II
Doctorate-granting I
Doctorate-granting ll . . .

Comprehensive I
Con'iprehensive Il
Liberal arts I
Liberal arts ll
Two-year institution
Specialized
Other
Not classified

343

70
34
49

55
57

4

6

2

0
53
13

0

291

70
34
48
52

35
2

3

1

0
33
13

0

254

70
34
47
42
25

1

2

1

0
29

3

0

221

69
34
47
39
11

1

2

1

0

7

10
0

160

64
27
22
27
12

1

0
0
0
4

3

0

0

0
0
0
0
0
0
0
0
0
0
0
0

20,762

13,569
3,196
2,016
1,033

233
32
33

5

0
343
302

0

10,434

7,159
1,592

786
454
115

9
17

3

0
278

21

0

6,139

3,366
1,014

986
348

76
16

16

2
0

51

264
0

4,189

3,044
590
244
231

42
7

0
0
0

14

17

0

0
I

0
0
0
0
0
0
0
0
0
0
0
C,

5.

2

i

!

NOTE S&E = science and engineering.
SOURCE: Science Resources Studies Division, National Science Foundation. unpublished tabulations from the Completion Survey conducted by the National Center for Education Statistics.

See figure 2-1 and text table 2.1 Science & Engineering Indicators 1991
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Appendix table 2-4.
Baccalaureate institutions of 1985-90 doctorate recipients, by Carnegie classification and field of doctorate

Field of doctorate Total
Research

universities

Other
doctorate-
granting Comprehensive

universities2 institutions'
Liberal arts
collegeo

Specialized
schools

Percent-

Total science and engineering 100 40 25 20 14 2

Total sciences 100 38 25 21 15 1

Physical sciences 100 37 22 24 16 2

Mathematics 100 40 23 19 16 2

Computer sciences 100 46 25 17 10 3

Environmental sciences 100 42 27 14 15 1

Agricultural sciences 100 47 29 17 7 0

Biological sciences 100 41 24 20 15 1

Psychology 100 32 26 25 16 1

Social sciences 100 36 25 21 17 1

Total engineering 100 53 28 11 4 4

'Includes research I and II universities.

'Includes doctorate.graang I and II universities.

'Includes comprehensive 1 and II institutions.

'Includes liberal arts I and II colleges.

SOURCE: Science Resources Studies Division, National Science Foundation, Undergraduate Origins of Picont Science and Engineering
Doctorate Recipients, special report (Washington, DC: NSF, forthcoming).
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Appendix table 2-5. I
Selected characteristics of American college freshmen: 1971-90 !

(page 1 of 7)

Average grade in high school
A or A+
A-
B+

B

B-

C+
C

D

Father's education
Grammar school or less
Some high schoo!
High school graduate
Postsecondary (not college).
Some college
College degree
Some graduate school
Graduate degree

Mother's education
Grammar school or less
Some high school
High school graduate
Postsecondary (not college).
Some college
College degree
Some graduate school
Graduate degree

Father's occupation
Artist (including performer)
Businessman
Clergy or religious worker
C' ollege teacher
Doctor or dentist
Education (secondary)
Education (elementary) .
Engineer
Farmer or forester

. _.._

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Freshmen planning to major in science and engineering fields

Percent

11.1 12.3 15.3 16.1 16.6 17.9 16.5 19.6 18.6 18.8 18.1 18.5 18.8 18.3 20.3 21.9

15.2 16.6 16.7 18.6 18.3 19.2 17.3 19.8 18.1 18.3 17.6 17.2 17.6 17.3 19.7 19.2

23.0 24.8 26.1 24.3 24.1 24.7 23.3 22.3 21.3 21.3 22.1 22.1 22.1 22.1 21.9 20.8

24.1 24.3 22.9 22.3 21.9 21.5 22.8 20.9 22.0 22.0 22.2 22.1 21.2 21.7 20.4 19.4

13.1 11.1 10.5 9.4 10.0 8.7 10.0 8.9 9.9 9.5 10.2 9.9 9.7 10.0 8.9 9.4

9.0 7.5 5.5 6.1 5.7 5.4 6.6 5.6 6.8 6.5 6.4 6.9 7.1 6.8 5.4 6.3

4.2 3.3 2.9 3.0 3.3 2.5 3.3 2.8 3.2 3.4 3.2 3.1 3.4 3.7 3.2 3 0

0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.1 0.1

6.7 6.5 4.8 5.2 4.6 4.7 5.1 4.1 4.3 4.2 . 3.6 3.5 3.4 3.2 2.8 2.5

12.6 11.6 9.5 9.5 9.2 8.8 9.0 8.1 8.1 8.1 7.5 7.1 7.1 6.3 6.0 5.4

27.6 27.4 22.3 23.1 23.0 22.7 23.5 21.8 22.6 22.0 22.8 22.9 22.9 22.6 19.8 19.5

NA NA 4.7 4.6 4.3 4.2 4.4 4.5 4.3 4.3 4.3 4.5 4.8 5.1 5.0 4.7

17.5 16.9 15.2 14.2 14.1 13.6 13.7 14.0 14.0 13.7 13.9 14.1 14.2 14.2 13.5 14.5

22.4 19.5 21.0 21.5 21.9 22.3 21.9 22.8 22.1 22.6 22.7 22.8 22.5 22.5 22.7 23.4

NA 3.3 3.7 3.6 3.4 3.8 3.4 3.8 3.7 3.5 3.6 3.5 3.4 3.8 4.2 4.2

13.2 14.7 18.8 18.3 19.6 19.8 19.0 20.9 20.9 21.6 21.7 21.6 21.7 22.4 26.0 25.8

4.0 4.0 2.8 3.4 3.0 2.9 3.2 2.7 3.0 2.7 2.3 2.3 2.2 2.1 2.0 1.8

10.9 9.6 7.9 8.2 7.7 7.5 7.9 6.9 7.1 6.7 6.3 6.0 5.7 5.4 4.8 4.3

42.7 42.2 36.8 36.7 36.7 36.2 36.9 36.0 35.4 34.4 34.7 34.0 34.2 32.8 29.9 28.1

NA NA 8.2 8.2 7.9 8.0 7.7 7.6 7.8 7.5 7.3 8.0 7.9 8.3 7.6 8.1

19.8 19.7 17.2 16.4 16.1 15.9 15.9 16.1 16.3 16.9 16.8 16.6 16.5 16.9 17.3 18.5

18.2 16.5 17.5 18.1 18.5 19.1 18.2 19.5 19.0 19.7 20.6 20.8 20.3 21.0 22.2 22.8

NA 3.0 3.3 3.1 3.1 3.1 3.0 3.4 3.2 3.3 3.4 3.2 3.4 3.5 4.3 4.4

4.4 5.0 6.3 6.0 6.9 7.2 7.1 7.8 8.2 8.7 8.7 9.1 9.6 10.0 11.9 12.0

0.7 0.8 NA NA NA 0.9 0.9 0.9 0.8 0.8 0.9 0.9 0.9 0.9 0.8 0.9

30.5 31.1 NA NA NA 30.3 29.0 29.3 28.8 29.1 29.2 29.3 28.6 29.0 29.0 30.1

1.0 1.1 NA NA NA 1.3 1.3 1.1 1.2 1.3 1.1 1.2 1.1 1.0 1.1 1.2

1.2 1.3 NA NA NA 1.5 1.5 1.6 1.6 1.7 1.5 1.6 1.5 1.7 2.0 1.8

2.4 2.4 NA NA NA 4.0 3.3 3.3 3.4 3.5 3.6 3.6 3.4 3.4 3.8 3.5

2.3 2.7 NA NA NA 3.4 3.4 3.6 3.7 3.8 4.0 4.0 4.1 3.9 4.2 4.2

0.3 0.4 NA NA NA 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.8 0.8

9.6 10.2 NA NA NA 11.8 11.3 12.4 11.5 11.5 11.4 11.4 11.2 11.2 11.9 11.5

4.5 3.7 NA NA NA 3.0 2.3 2.3 2.1 2.6 2.6 2.5 2.3 2.3 2.3 2.2

n
i ft,
: Qo

1 rri
1987 1988 1989 1990 12

i S'

i 1
I z
i (la
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21.8 20.8 20.2 19.8 I O.

17.5 18.9 19.3 18.9 , su

, a
21.6 20.1 20.6 20.7

1

18.1 20.7 21.6 21.1 i I

11.6
5.2

9.7
6.5

9.7
6.0

10.1

6.4

, nt
l (III
i

i

3.9 3.2 2.5 3.0

0.1 0.2 0.1 0.1

2.4 2.6 2.4 2.8
5.3 5.0 5.1 5.3

19.4 19.6 20.3 20.6
5.0 5.0 5.2 5.2

13.9 14.7 14.9 14.9

23.3 23.0 24.0 23.3
4.2 4.0 3.5 3.6

26.5 26.2 24.6 24.2

2.0 1.9 1.9 2.3
3.8 4.0 3.7 4.1

27.4 26.8 27.3 27.2
8.3 7.7 8.3 7.7

17.7 18.5 18.3 18.2

23.3 23.2 23.4 23.4
4.6 4.6 4.1 3.9

13.0 13.4 13.1 13.2

3.9 0.9 0.7 0.7
30.1 28.9 28.8 27.7

1.2 1.1 1.2 1.2

1.7 1.7 1.5 1.3

3.8 3.6 3.3 3.3

4.3 4.3 4.3 4.1

0.9 0.9 0.9 1.0

11.2 10.7 10.4 10.0

2.2 2.1 2.4 2.4

215 21,

(continued)



Appendix table 2-5.
Selected characteristics of American college freshmen: 1971-90
(page 2 of 7)

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Freshmen planning to major in science and engineering fields

Percent

Health professional (non-MD). . . 1.2 1.1 NA NA NA 1.3 1.3 1.4 1.4 1.4 1.3 1.3 1.3 1.3 1.4 1.4 1.4 1.4 1.5 1.2

Lawyer 1.5 1.7 NA NA NA 2.0 2.1 2.1 2.2 2.2 2.2 2.1 2.2 2.2 2.5 2.3 2.4 2.5 2.2 2.2

Military (career) 2.7 2.5 NA NA NA 2.7 2.9 2.9 2.8 2.9 2.8 2.7 2.5 2.5 2.2 2.7 2.4 2.4 2.6 2.4

Research scientist 1.1 1.1 NA NA NA 1.3 1.1 1.2 1.1 1.2 1.1 1.0 1.0 1.1 1.4 1.2 1 2 1.1 1.0 0.9

Skilled worker 11.4 11.6 NA NA NA 9.6 10.1 9.7 9.8 9 5 10.1 9.7 9.3 9.6 8.3 8.3 8.6 8.9 9.1 9.0

Semi-skilled worker 7.0 6.5 NA NA NA 4.7 5.4 4.4 4.7 4.5 4.1 4.2 4.7 4.2 3.8 3.5 3.4 3.7 3.8 3.9

Laborer (unskilled) 3.2 3.4 NA NA NA 2.7 2.7 2.6 2.9 2.7 2.5 2.5 2.5 2.4 2.5 2.3 2.0 2.2 2.2 2.7

Unemployed 1.1 1.7 NA NA NA 1.9 1.9 1.9 1.8 2.0 1.5 1.7 2.6 2.1 2.2 2.1 1.7 1.9 2.1 2.2

Other 18.1 16.7 NA NA NA 17.0 18.9 18.7 19.5 18.9 19.4 19.5 20.1 20.5 19.7 20.0 20.5 21.6 21.9 23.7

Mother's occupation
Artist (including performer) 0.9 0.9 NA NA NA 1.4 1.5 1.4 1.5 1.4 1.6 1.6 1.7 1.7 1.9 1.9 1.8 1.9 1.7 1.7

Businesswoman 4.6 5.5 NA NA NA 6.3 6.6 7.6 7.8 8.7 9.7 10.1 10.3 11.3 12.9 13.6 14.3 14.5 14.6 13.9

Business (clerical) 8.7 11.0 NA NA NA 9.7 9.5 9.9 10.0 10.7 10.8 10.6 10.6 10.7 9.9 10.8 10.4 9.8 10.3 9.8

Clergy or religious worl(er 0.1 0.1 NA NA NA 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2

College teacher 0.4 0.4 NA NA NA 0.6 0.6 0.5 0.5 0.5 0.6 0.5 0.6 0.6 0.7 0.6 0.7 0.7 0.7 0.7

Doctor or dentist 0.1 0.1 NA NA NA 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.7 0.5 0,5 0.6 0.5 0.6

Education (secondary) 2.6 3.1 NA NA NA 3.5 3.4 3.5 3.6 3.9 4.3 4.4 4.0 4.2 4.9 5 0 5.2 5.3 5.2 5.2

Education (elementary) 4.9 5.1 NA NA NA 6.6 6.6 6.7 6.5 6.9 7.1 7.1 6.6 6.5 7.2 7.4 7.8 7.9 8.1 8.0

Engineer 0.1 0.0 NA NA NA 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 03 0.3 0.3

Farmer or forester 0.1 0.2 NA NA NA 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0,2 0.3 0.4

Health professional (non-MD). . 1.1 1.2 NA NA NA 1.7 1.7 1.6 1.8 1.9 2.0 1.9 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.3

Homemaker (full-time) 52.5 35.5 NA NA NA 35.2 32.3 32.0 29.8 28.0 23.4 22.8 25.0 23.6 21.4 19.9 17.7 16.7 15.7 14.4

Lawyer 0.1 0.1 NA NA NA 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.4

Nurse 4.5 4.7 NA NA NA 6.6 6.7 6.6 6.9 6.9 7.6 8.2 7.5 7.4 7.6 7.7 8.0 7.9 8.0 7.8

Research scientist 0.1 0.1 NA NA NA 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.2

Social/welfare worker 0.8 1.0 NA NA NA 1.3 1.4 1.3 1.6 1.4 1.4 1.5 1.4 1.6 1.5 1.6 1.6 1.8 1.6 1.7

Skilled worker 1.3 1.8 NA NA NA 1.6 1.7 1.8 1.7 1.8 1.8 1.9 1.7 2.0 1.9 1.9 2.2 2.0 2.2 2.2

Semi-skilled worker 2.8 3.3 NA NA NA 2.9 3.1 2.8 3.2 2.9 3.2 3.1 3.1 2.8 2.8 2.5 2.5 2.4 2.8 2.7

L aborer (unskilled) 1.4 1.8 NA NA NA 1.7 2.0 1.8 1.9 1.9 2.0 1.8 1.9 1.6 1.7 1.6 1.5 1.6 1.5 1.7

Unemployed 3.3 11.8 NA NA NA 8.0 8.2 7.8 7.5 7.4 7.4 7.0 6.3 5.9 5.8 5.5 5.6 5.3 4.9 5.2

Other 9.6 12.3 NA NA NA 12.1 13.9 13.7 14.6 14.6 16.1 16.2 15.8 16.3 15.6 15.9 16.8 18.0 18.4 20.4

Student's probable career
Accountant or actuary 0.5 0.6 NA NA NA 0.4 0.4 0.4 0.3 0.4 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.7

Architect 0.2 0.3 NA NA NA 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.3 0.3 0.4 0.4 0.4 0.4

Business (management) 1.3 1.2 NA NA NA 1.5 1.5 1.8 1.9 1,8 2.0 2.0 2.2 2.2 3.0 2.8 2.7 2.6 2.3 2.0

Clinical psychologist 4.8 4.6 NA NA NA 3.8 3.8 3.8 4.3 3.7 3.5 3.2 3.4 4.2 4.3 5.3 5.7 6.4 5.8 5.5

College teacher 1.0 0.9 NA NA NA 0.4 0.4 0.2 0.3 0,2 0.3 0.2 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.5

Computer programmer. . . . . 2.6 2.6 NA NA NA 3.4 4.1 5.7 6.8 9.0 12.4 15.2 14.4 10.6 7.1 5.9 5.3 4.9 4.9 4.7

Conservationist or forester 1.1 1.4 NA NA NA 1.7 1.7 1.3 1.3 1.0 1.0 0.6 0.5 0.5 0.5 0.6 0.5 0.6 0.9 0.9

(continued)
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Appendix table 2-5.
Selected characteristics of American college freshmen: 1971-90
(page 3 of 7)

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Freshmen planning to major in science and engineering fields

Percent

Engineer 16.6 18.0 NA NA NA 22.5 27.3 27,8 29.0 32.2 31.1 33.2 31.2 30.4 30,7 29.7 28,6 26.2 28.1 27.6

Farmer or rancher 0.2 0.3 NA NA NA 0.3 0.3 0.2 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.1 0.1 0.2 0.1

Foreign service worker 1.2 1.2 NA NA NA 1.3 1.4 1.4 1.4 1.5 1.3 1.4 1.6 2.0 3.1 2.9 3.1 3.3 2.7 2.4

Lawyer 4,2 5,4 NA NA NA 8.5 9.0 8.1 7.9 7,8 7.3 7.1 6.7 6.9 7.1 7.0 8.2 9.9 9.4 9.7

Military service ( areer) 3.6 4.3 NA NA NA 2.8 3.3 3.7 3.8 3.2 3.3 2.5 3.4 3.8 2.9 4.3 3.2 2.3 2.4 2.3

Nurse 0.1 0.1 NA NA NA 0.4 0,3 0.3 0,2 0.2 0.3 0.3 0.2 0.2 0.1 0.1 0.2 0.1 0.2 0.2

Physician 2.0 3.1 NA NA NA 10.7 5.8 6.1 6.1 6.1 6.0 6.5 7.0 7.0 8,0 6.8 7.0 6.8 5.9 6.7

School counselor 1.2 0.9 NA NA NA 0.7 0.7 0.4 0.6 0.4 0.5 0.4 0.5 0.5 0.5 0.7 0.7 0.8 0.7 0.8

Scientific researcher 9.8 9.4 NA NA NA 9.0 8.9 8.3 7.0 6.2 5.8 5.0 5.2 5.4 5.7 5.8 5.8 6.0 6.1 5.8

Social worker 9.8 8,8 NA NA NA 6.8 6.9 6.2 5.8 4.9 4.0 2.9 2.8 3.1 3.1 3.2 3.4 3.8 3.1 3,1

Statistician 0.4 0.4 NA NA NA 0.3 0.3 0.3 0.2 0.2 0.1 0.2 0.3 0.2 0.3 0.3 0.2 0.2 0.2 0.2

Therapist (e.g., physical) 0.4 0.4 NA NA NA 0.4 0.5 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.5 0.6 0,7 0.8 0.8 0.8

Teacher (elernentary) 1,8 1.5 NA NA NA 0.2 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.3 0.3 0.4

Teacher (secondary) 6.7 5.0 NA NA NA 1.3 1.0 0.8 0.7 0.6 0.6 0.6 0.8 1.2 1.4 1.3 1.3 1.4 1.4 1.4

Vetennanan 0.5 0.6 NA NA NA 2.2 1.3 1.2 1.1 1.1 1,0 1.0 0.9 1.0 0.9 1.0 1.0 0.9 0.8 0.9

Writer or journalist 0.4 0.3 NA NA NA 0.3 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0,4 0.4

Skilled trades 0.5 0.4 NA NA NA 0.2 0.3 0.4 0.3 0.3 0.3 0 2 0.2 0.3 0.2 0.2 0.2 0.3 0.3 0.4

Other 7.0 6,7 NA NA NA 5.2 5.9 5.8 5.8 5.4 5.4 4.7 4.8 5.4 5.5 5.9 6.4 7.2 8.5 9.1

Undecided 17.6 16.9 NA NA NA 9.1 8.8 9.9 8.8 8.3 8.1 7.5 8.0 8.7 8.8 9.2 9.1 8.9 8.9 9.0

Student's probable major
Biological sciences 14.5 16.7 26.7 24,9 24.3 24.9 19.1 18,2 16.4 14,9 14.6 13.7 14.8 15.6 14.8 15.7 15.7 15.4 15.1 16.1

Engineering 21.2 22.3 17,4 23.1 25.9 26.3 31.9 33.0 34.9 38.0 36.4 37.7 35.8 35.3 35.7 34.8 33.4 30.4 32.8 32.3

Mathematics or statistics 12.1 10.0 6.9 5,9 4.6 4.3 3.9 4.0 3.1 3.0 3.1 3.0 3.6 3.7 3.6 3.3 3.1 2.7 2.8 2.8

Computer sciences 2.3 2.5 1.5 2.3 2.4 2.8 3.2 4.8 6.2 8,6 12.4 15.4 15.3 11.1 7.9 6.5 5.8 5.4 5.5 5.5

Physical sciences 8.8 8.4 10.4 10.1 10.5 10.6 9.7 9.7 9.0 7.7 7.9 6.8 6.8 6.8 7.1 6.9 6.5 6.6 6.6 6.7

Social sciences 25.9 25.7 25.1 22.8 21.7 21.5 22.4 20.6 20.2 18.7 16.8 14.9 14.8 16.7 19.0 19.0 20.5 23.2 21.5 21.5

Psychology 15.3 14.5 12.0 11.0 10.6 9.5 9.8 9.7 10.3 9.1 8.8 8.4 8.9 10.8 11.8 13.8 15.0 16.2 15.6 15.1

Other technical 2 3 2,5 1.5 2.3 2.4 2.8 3.2 4.8 6.2 8.6 12.4 15.4 15.3 11.1 7.9 6.5 5.8 5.4 5.5 5.5

Highest degree planned
None NA 1.0 NA 1.0 1.1 1.0 0.8 0.7 0.5 0.9 0.7 0.7 1.2 0.9 1.1 1.1 1.1 0.9 0.6 0.7

Associate or equivalent NA 0.6 NA 0.5 0.5 0.4 0.8 0.7 1,0 0,7 0.7 1.1 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.3

Bachelors NA 31.3 NA 24.6 22 .8 22 .7 23.8 25.1 24.2 26.0 26.8 27.4 25.5 24.9 22.5 22.2 20.4 18.0 18.9 18.5

Masters NA 36.9 NA 29.7 31.4 31.8 34.5 35.6 37.3 36,1 17.1 36.6 36.8 36.7 36.5 37.7 37.5 37.1 38.1 37,1

Doctorate NA 19.4 NA 18.6 18.7 18.5 20.6 19.5 19,0 18.0 17.4 16.8 18.0 19.5 21.8 22.5 23.3 24.9 24.6 24.6

Professional (e g , MD. DDS) . . NA 4.8 NA 16.3 15.6 15.6 9.1 9.3 9.4 9.4 9.1 9.3 9.7 9.6 10.3 9.0 9.1 8.9 8.2 9.1

aw NA 5.1 NA 8.2 8.5 8.5 8.8 7.8 7.5 7.4 7.0 6.8 6.4 6.3 6.7 6,1 7.4 8.8 8.4 8.6

Divinity NA 0.3 NA 0.3 0,4 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.2 0.2 0.2 0.3 0.2 0.3

Other NA 0.7 NA 0,9 1.0 1.1 1 2 1.0 0.9 1.3 1.0 0.9 1.5 1,1 0.7 0.7 0.7 0.8 0.8 0,8
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Appendix table 2-5.
Selected characteristics of American college freshmen: 1971-90
(page 4 of 7)

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 19P1 1982 1983 1984 1985 1986 1987 1988 1989 1990

Freshmen planning to major in non-science/engineering fields

Percent

Average grade in high school
A or A+ 7.0 8.6 9.3 8.7 9.5 10.5 10.3 12.3 10.7 10.1 10.6 10.7 10.9 10.8 10.4 11.8 11.4 12.5 12.4 11.3

A- 11.5 14.5 11.8 13.5 13.-, 14.5 13.4 15.9 14.1 14.2 13.4 13.6 12.4 12.1 13.2 13.4 13.1 13.7 15.2 14.8

B+ 20.4 22.2 23.8 21.9 22.5 23.9 23.1 23.1 20.8 21.8 21.1 21.8 21.0 20.0 21.5 20.2 21.3 20.8 20.4 20.6

25.9 26.9 28.4 28.3 26.6 27.2 27.0 24.9 26.4 27.1 26.8 26.6 25.1 25.5 25.0 25.5 23.4 23.5 25.7 25.3

B- 16.0 12.5 13.4 12.6 13.4 11.8 11.8 11.6 12.5 11.6 13.6 13.0 13.5 13.6 12.6 13.7 15.7 14.0 13.1 13.4

C4- 12.1 10.0 7.6 9.3 9.0 7.9 8.8 8.1 9.8 9.8 9.5 9.6 11.3 11.5 11.3 10.2 8.2 9.9 8.7 10.0

6.9 5.1 5.5 5.3 5.3 4.1 5.3 4.0 5.4 5.1 4.8 4.6 5.6 6.2 5.8 5.0 6.6 5.4 4.3 4.5

0.2 0.3 0.1 0.3 0.1 0.1 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.1

Father's education
Grammar school or less 7.2 6 3 5.4 5.9 5.4 5.7 5.7 5.0 4.6 4.9 4.3 4.4 4.1 4.6 3.6 2.9 2.5 2.8 2.4 3.5

Soma high school 13 4 12.7 10.4 10.9 11.4 10.8 9.9 9.1 9.9 9.2 8.5 8.2 8.5 7.9 7.6 6.7 5.4 5.7 5.6 5,5

High school graduate 28.1 27.5 26.3 26.4 26.5 26.0 27.9 25.6 25.7 25.9 26.5 25.6 25.2 25.8 23.7 23.6 24.1 23.7 23.7 24.7

Postsecondary (not college) . NA NA 4.8 4.5 4.6 4.2 4.1 4.2 3.7 4.3 3.6 4.1 4.1 4.6 4.4 4.6 4.5 4.5 5.0 4.9

Some ollege 17.9 17.4 15.9 15.5 13.8 14.1 14.1 14.9 14.0 14.0 14.6 13.7 15.0 13.9 14.8 15.3 14.2 15.3 14.9 15.7

College degree 21.2 19.5 20.4 20.2 20.4 21.4 20.6 22.5 22.9 21.6 22.3 22.7 22.0 22.6 22.5 22.6 23.6 23.2 23.9 23.1

Some graduate school . NA 3.1 2.5 2.4 2.6 2.8 2.5 2.6 2.8 3.1 2.8 2.6 2.8 2.5 3.2 3.1 3.4 3.2 3.1 2.6

Graduate degree 12.1 13.6 14.3 14.1 15.3 15.1 15.1 16.1 16.3 17.1 17.4 18.6 18.3 18.1 20.2 21.2 22.3 21.5 21.5 20.0

Mother's education
Grammar school or less 4.0 3.7 3.0 3.5 3.1 3.3 3.2 3.1 2.7 3.0 2.5 lb 2.2 2.3 2.2 1.9 1.9 2.3 1.7 2.5

Some high school 11.2 10.4 8.4 9.2 8.5 8.8 8.8 8.2 8.5 7.1 6.4 6 7 6.9 6.1 6.4 5.0 4.2 4.3 4.2 4.2

High school graduate. . . . 43 5 41.9 39.7 39.1 40.2 38 9 40.7 39.5 38.6 38.9 39.1 38.2 36.5 36.6 33.2 32.0 31.4 31.1 30.3 30.9

Postsecondary (not college) . NA NA 8 1 8.1 7.1 8.1 7.4 7.0 7.4 6.9 7.1 6.8 7.4 8.2 7.2 8.0 8.3 7.8 7.9 7.8

Some college 19.7 20.1 16.4 16.2 16.1 15.6 15.2 15.8 15.8 17.2 16.9 16.4 17.4 16.1 18.1 18.6 18.2 18.2 18.3 18.1

College degree 18 0 16.4 17.2 16.8 17.1 17.9 16.8 17.6 17.8 18.0 18.5 19.2 18.9 19.4 20.7 21.2 21.7 21.7 22.7 22.4

Some graduate school NA 2.5 2.6 2.4 2.3 2.1 2.2 2.5 2.7 2.4 2.4 2.6 2.5 2.7 3.3 3.3 3.4 3.5 3.7 3.2

Graduate degree 3.6 4.9 4.5 4.7 5.5 5.3 5.6 6.3 6.5 6.4 7.1 7.6 8.1 8.5 8,9 10.1 11.0 11.2 11.2 11.0

Father's occupation
Artist (including performer) 0.8 0.8 NA NA NA 1.0 0.7 0.9 0.9 1.0 0.9 1.0 1.1 1.0 1.0 0.8 1.0 1.0 1.0 0.8

E3usinessman 33.0 33.2 NA NA NA 33.0 32.5 33.5 34.0 32.9 33.3 33.4 33.2 31.6 32.8 35.0 34.6 33.3 32.6 30.1

Clergy or relictioils worker 1.2 1.2 NA NA NA 1.5 1.3 1.5 1.3 1.4 1.4 1.1 1.0 1.0 1.0 1.3 0.9 1.0 1.1 1.4

College teacher 1.0 1.1 NA NA NA 1.1 1.2 1.1 0.9 1.0 1.2 1.1 1.1 1.0 1.3 1.0 1.2 1.2 1.0 0.9

Doctor or dentist 2.5 2.7 NA NA NA 3.1 2.6 3.1 2.7 3.0 2.8 3.2 3.0 2.8 2.8 3.2 3.1 3.1 3.0 2.8

Fducation (secondary) 2.7 2.8 NA NA NA 3.3 2.9 :3 .O 3.8 3.3 3.5 3.5 3.8 3.8 4.0 3.8 4.2 4.2 4.2 4.2

Education (elementary) 0.4 0.5 NA NA NA 0.5 0.6 0.8 0.5 0.6 0.6 0.7 0.7 0.8 0.7 0.9 0.8 1.0 1.0 1.1

Enruneer. 7.0 7.4 NA NA NA 7.9 8.0 8.6 8.0 7.7 8.1 7.4 7.4 7.9 8.1 7.4 7.6 7.2 7.5 7.1

Fanner or forester 5.7 5.2 NA NA NA 4.8 3.9 3.5 3.4 3.8 4.7 4.2 3.7 4.1 4.6 2.9 2.9 2.9 2.9 3.3

Health professional (non-MD). 1.5 1.5 NA NA NA 1.1 1.3 1,8 1.4 1.3 1.3 1.4 1.4 1.3 1.3 1.3 1.4 1.5 1.1 1.1
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Appendix table 2-5.
Selected characteristics of American college freshmen: 1971-90
(page 5 of 7)

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Freshmen planning to major in non-science/engineering fields

Percent

Lawyer 1.5 1.7 NA NA NA 2.0 1.7 1.8 1.7 1.9 2.0 2.2 2.2 2.0 2.1 2.3 2.5 2.3 2.4 2.1

Military (career) 1.9 1.8 NA NA NA 2,0 1.9 1,8 1.6 1.7 1,8 1.7 2.2 1.3 1.3 2.0 1.6 1.5 1.8 1.7

Research scientist 0.8 0.7 NA NA NA 0.6 0.6 0.7 0.7 0.6 0.7 0.6 0.7 0.5 0.6 0.6 0.7 0.7 0.5 0.5

Skilled worker 10.9 10.6 NA NA NA 8.9 9.6 8.7 9.4 9.9 9.0 9.0 8.8 9.2 7.6 7.7 7.9 9.0 8.7 9.0

Semi-skilled worker 6.6 5.5 NA NA NA 5.0 5.3 4.3 4.9 4.5 4.0 3.8 4.2 4.2 3.9 3.3 3.2 3.1 3.3 3.7

Laborer (unskilled) 3.1 3.6 NA NA NA 3.3 3.2 2.8 3.0 2.9 2.5 2.9 2.9 2.6 3.1 2.3 2.3 2.6 2.7 2.7

Unemployed 1.1 1.8 NA NA NA 1.9 2.0 2.1 1.9 2.2 1,7 2.0 2.7 2.3 2.4 2.3 1.9 1.9 2.0 2.3

Other 18.4 17.9 NA NA NA 19.1 20.6 20.3 20.0 20.3 20.5 20.9 20.0 22.6 21.6 21.9 22.2 22.3 23.1 25.3

Mother's occupation
Artist (including performer) 0.9 0.9 NA NA NA 1.3 1.3 1.4 1.3 1.4 1.6 1.7 1.8 1.3 1.8 1.8 1.8 2.0 1.8 1.6

Businesswoman 4.6 5.5 NA NA NA 6.2 7.4 7.4 8.1 8.6 10.5 9.7 10.7 11.7 13.5 14.7 14.8 14.4 13.9 14.4

Business (clerical) 9.4 11.0 NA NA NA 9.9 10.7 10.4 10.8 11.5 11.5 11.4 11.6 11.9 11.3 11.3 12.1 10.8 11.0 10.0

Clergy or religious worker 0.0 0.1 NA NA NA 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

College teacher 0.5 0.4 NA NA NA 0.4 0.4 0.3 0.3 0.4 0.5 0.4 0.4 0.5 0 4 0.3 0.4 0.5 0.5 0.6

Doctor or dentist 0.1 0.2 NA NA NA 0.1 0.2 0.2 0.1 0.2 0.2 0.3 0.2 0.3 0.4 0.6 0.4 0.6 0.4 0.6

r.ducation (secondary) 2.5 3.2 NA NA NA 3.0 2.7 3.0 3.2 3.1 3.7 4.1 3.2 3.8 3.8 4.3 4.4 4.5 4.8 4.6

Education (elementary) 4.8 5.4 NA NA NA 6.1 6.0 6.5 6.3 5.8 6.1 6.7 6.0 6.2 6.5 6.9 7.8 8.0 8.2 7.9

Engineer 0.1 0.0 NA NA NA 0.1 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2

Farmer.or forester . . 0.1 0.2 NA NA NA 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.2 0.3 0.4 0.1 0.3 0.3 0.3 0.3

Health professional (non-MD) . 1.2 1.2 NA NA NA 1.6 1.5 1.4 1.5 1.8 1.6 1.7 2.2 1.8 2.0 1.8 1.7 2.0 2.4 2.2

Homemaker (full-time) 53.0 36.6 NA NA NA 36.5 32.7 33.0 30.0 28.4 24.6 23.0 24.9 24.0 22.0 19.6 18.0 17.4 15.9 15.5

Lawyer 0.0 0.1 NA NA NA 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.4 0.2 0.3 0.3 0.4 0.4

Nurse 4.1 4.9 NA NA NA 6.2 6.0 6.4 6.5 6.7 7.3 7.1 7.8 8.1 7.9 7.0 6.8 72 7.6 8.0

Research scientist 0.0 0.0 NA NA NA 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Sociahwelfare worker 0.7 0.9 NA NA NA 0.9 1.2 1.0 1.2 1.0 1.4 1.3 1.1 1.3 1.3 1.4 1.5 1.4 1.4 1.4

SkilWd worker 1.2 1.6 NA NA NA 1.3 1.5 1.6 1.6 1.7 1.5 1.8 1.9 1.8 1.6 1.7 2.1 1.9 2.2 1.8

Semi-skilled worker . ... 2 4 2.5 NA NA NA 2.7 3.0 2.7 2.7 3.2 2.7 3.0 2.9 2.5 2.3 2.0 2.2 2.1 2.3 2.7

I ;thorer (unskilled) 1.5 1.8 NA NA NA 1.9 1 9 1.8 2.1 2,2 1.8 2.0 1.8 1.6 1.6 1.5 1.4 1.8 1,5 1.6

Unemployed . . . ..... 2.9 10 5 NA NA NA 8.5 7.8 7.8 8.3 7.7 7.8 8.0 6.3 5.9 5.7 6.2 5.5 5.3 5.3 5,2

Other .. 10.0 13.1 NA NA NA 12.8 15.3 14.6 15.5 15.8 16.6 17.0 16.3 16.4 16.8 17.8 18.2 19.2 19.7 20.8

Student's probable career
Accountant or actuary . 4 1 3.7 NA NA NA 7.8 8.5 8.5 7.9 8.6 8.3 8.2 8.2 9.3 9.6 7.9 7.9 7.9 8.0 7.1

Architect 1 6 1 7 NA NA NA 1 5 1.6 1.9 1.6 1.6 1.0 1.1 1.0 1.3 1.2 1.4 1.3 1.5 1.8 1.6

Buraness (management) 5 7 5.9 NA NA NA 9.8 11.3 12.3 13.2 13.3 14.4 14.1 15.4 16.8 16.9 17.8 17.7 16.9 15.8 13.5

Clinical psychologist 0 1 0 1 NA NA NA 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.2 0.2

College teacher 0.9 0.8 NA NA NA 0.6 0.5 0.4 0.3 0.3 0.2 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.6 0.4

Computer programmer 0 4 0 4 NA NA NA 1.0 1.3 1.6 2.1 3.1 3.6 4.8 4.7 3.1 2.5 1.7 1.1 1.2 1.0 1.0

Conservationist or forester . . . 1 8 1 6 NA NA NA 1.0 1.4 0.9 0.6 0.6 0.8 0.4 0.3 0.2 0.3 0.2 0.2 0.3 0.3 0.4

Engineer . . . . . . 0.4 0.2 NA NA NA 0.4 0.5 0.3 0.5 0.7 0.6 0.7 0.6 0.4 0.4 0.3 0.4 0.4 0.4 0.5
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Appendix table 2-5.
Selected characteristics of American college freshmen: 1971-90
(page 6 of 7)

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Freshmen planning to major in non-science/engineering fields

Percent
Farmer or rancher 1.0 0.8 NA NA NA 0.9 1.0 0.7 0.9 0.7 1,0 0.9 0.7 0.6 0.5 0.4 0.3 0.4 0.4 0.4

Foreign service worker 0.6 0.5 NA NA NA 0.6 0.4 0.5 0.5 0.4 0.5 0.5 0.5 0.6 0.6 0.7 0.7 0.6 0.6 0.6

Lawyer 5.8 6.6 NA NA NA 4.6 4.7 4.1 4.7 4.6 4.4 5.1 4.6 4.4 3.9 4.1 4.6 5.2 5.6 5.0

Military service (career) 1.0 1.2 NA NA NA 0.5 0.6 0.7 0.6 0.5 0.6 0.6 0.6 0.7 0.5 0.8 0.7 0.6 0.5 0.4

Nurse 4.6 4.6 NA NA NA 5.9 4.8 5.2 4.7 5.1 4.7 5.6 5.5 4.5 3.7 3.0 2.3 2.6 2.4 3.6

Physician 6.1 6.8 NA NA NA 3.2 4.3 4.7 4.4 4.7 4.6 4.9 4.9 4.9 5.0 4.5 3.7 4.1 4.2 4.6

School counselor 0.1 0.2 NA NA NA 0.1 0.2 0.1 0.2 0.2 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.2

Scientific researcher 0.5 0.5 NA NA NA 0.3 0.3 0.4 0.2 0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Social worker 0.7 0.4 NA NA NA 0.9 0.7 0.7 0.7 0.5 0.3 0.3 0.4 0.3 0.2 0.3 0.3 0.3 0.3 0.2

Statistician 0.0 0.0 NA NA NA 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.1

Therapist (e.g., physical) 2.6 3.4 NA NA NA 3.8 3.7 3.6 3.2 3.3 3.5 3.5 3.3 3.9 2.8 2.9 3.0 3.2 3.2 3.5

Teacher (elementary) 10.2 8.6 NA NA NA 7.8 6.9 6.1 6.6 6.1 6.5 4.6 5.3 5.4 5.2 5.9 6.9 6.4 6.3 7.9

Teacher (secondary) 10.9 8 3 NA NA NA 5.9 4.5 4.4 3.9 3.7 3.1 2.7 3.1 2.8 3.5 3.9 4.2 4.3 4.3 4.8

Veterinarian 1.3 2 1 NA NA NA 1.2 1.3 1.5 1.2 1.4 1.1 0.9 1.0 0.8 1.1 1.0 0.8 0.7 0.8 0.7

Writer or journalist 2.4 2.7 NA NA NA 3.4 3.2 3.4 4.0 3.6 4.0 3.7 3.7 3.6 4.3 3.9 3.7 4.0 4.1 3.8

Skilled trades 0.5 0.4 NA NA NA 0.3 1.3 0.6 0.5 0.6 0.6 0.4 0.5 0.3 0.3 0.3 0.2 0.6 0.5 0.4

Other 5.4 5.0 NA NA NA 5.4 5.1 5.4 6.1 6.0 5.9 5.2 5.4 4.8 4.9 5.3 5.5 5.4 6.8 7.9

Undecided 12.9 14.4 NA NA NA 11.9 11.7 12.4 12.4 12.4 12.1 13.3 12.8 13.5 12.9 14.4 14.2 13.5 13.8 13.6

Student's probable major
Agriculture 3.1 3.0 3.2 4.0 3.9 3.4 3.1 2.5 2.4 2.2 2.7 2.1 1.6 1.4 1.3 1.1 0.9 1.0 1.2 1.3

Business 15.9 14.8 19.9 21.6 22.2 24.0 26.6 29.5 29.8 30.0 32.2 31.9 32.2 36.6 35.9 36.0 36.3 34.6 34.1 30.7

Education 15.3 11.9 20.1 17.7 16.7 16.3 14.3 13.2 13.3 11.9 11.0 9.1 10.6 9.7 9.3 11.4 12.3 11.6 11.7 14.0

English 4.5 2.9 3.3 2.2 2.2 2.0 1.8 2.1 1.7 1.7 1.7 1.5 1.9 1.7 2.1 2.3 2.1 2.3 2.6 2.7

Health professional 17.8 19.9 8.7 10.8 10 2 10.9 15.1 15.5 14.3 15.4 14.4 15.5 15.4 15.2 13.8 12.2 10.6 11.6 12.4 13.8

History or political science 3.8 3.4 2.8 2.1 1.8 1.8 1.5 1.1 1.3 1.0 1.2 1.1 1.2 1.4 1.3 1.4 1.4 1.5 1.7 1.8

Humanities 5.1 5.6 4.7 4.8 3.7 3.6 2.8 2.5 2.5 2.2 2.4 2 3 2.2 2.2 2.4 2.5 2.6 2.7 2.4 2.6

F ine arts 11.2 10.8 10.3 11.0 10.1 9.5 9.5 9.4 8 7 8.8 8.6 8.0 7.5 7.1 7.2 8.0 8.4 7.3 8.0 7.3

Other technical 4.0 4 5 7.3 6.7 7.4 6.7 5.4 4.6 5.2 6.6 6.4 7.3 7.2 4.6 4.1 3.3 2.9 3.8 2 5 2.5

Other nontechnical 15.9 15.8 12.6 12.1 13.8 14.4 12.0 12.2 13.0 12.0 11.1 12.3 11.5 11.0 12.7 11.3 11.7 12.8 12,3 12.7

Undecided 3.3 7.4 7.0 7.0 8.1 7.5 8.0 7.3 8.0 8.1 8.4 8.8 8.7 9.1 10.0 10,6 10.8 10.7 11.1 10.6

(continued)
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Appendix table 2-5.
.Selected characteristics of American college freshmen: 1971-90
(page 7 of 7)

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1984 ,1990

Freshmen planning to major in non-science/engineering fields

Percent

Highest degree planned
None NA 1.5 NA 2.2 2.8 2.2 1.6 1.5 1.2 1.3 1.5 1.5 2.5 1.7 2.3 1.8 1.7 2.0 0.9 1.3

Associate or equivalent NA 1.4 NA 2.2 1.6 1.7 2.2 1.6 2.1 2.1 1.9 2.0 1.3 1.6 1.0 0.9 0.8 1.5 0.9 0.8

Bachelors NA 41.5 NA 44.0 41.6 40.4 39.4 40.0 39.3 40.7 40.1 39.5 37.6 39.5 38.7 37.7 37.4 31.8 32.5 30.4

Masters NA 28.8 NA 30.9 32.3 32.9 33.4 33.9 34.7 33.0 35.1 33.6 35.1 34.5 36.1 38.4 39.3 41.2 41.8 42.1

Doctorate NA 7.4 NA 7.1 7.3 8.0 7.7 7.6 7.1 7.0 7.6 7.9 7.6 8.4 7.5 8.0 8.6 10.1 9.8 10.8

Professional (e.g., MD, DDS) . . . NA 10.7 NA 6.6 6.0 6.3 7.8 8.2 7.7 8.0 7.4 7.9 7.5 7.3 8.1 7.1 6.0 6.1 6.6 7.1

Law NA 6.6 NA 4.1 5.3 5.3 5.1 5.0 5.1 4.9 4.7 5.3 5.2 4.8 3.8 4.1 4.4 5.2 5.4 5.1

Divinity NA 0.6 NA 0.7 0.5 0.5 0.6 0.5 0.6 0.4 0.3 0.4 0.5 0.4 0.5 0.2 0.3 0.4 0.4 0.5

Other NA 1.5 NA 2.2 2.6 2.5 2.3 1.7 2.2 2.6 1.3 1.8 2.6 1.8 2.0 1.7 1.5 1.7 1.6 1.9

NA = data not collected

SOURCE: Higher Education Research Institute, University of California at Los Angeles, unpublished tabulations.

See figures 2-2 and 2-3. Science & Engineering Indicators - 1991



Appendix table 2-6.
Undergraduate enrollment in engineering and engineering technology programs: 1979-89

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Engineering programs

Total enrollment 366,299 397,344 420,402 435,330 441,205 429,499 420,864 407,657 392,198 385 '2 378,277

Total full time 340,488 365,117 387,577 403,390 406,144 394,635 384,191 369,520 356,998 346,169 338,529
Freshman 103,724 110,149 115,280 115,303 109,638 105,249 103,225 99,238 95,453 98,009 95,420
Sophomore 78,594 84,982 87,519 89,785 89,515 83,946 79,627 76,195 73,317 71,030 71,267
Junior 74,928 80,024 86,633 90,541 91,233 89,509 84,875 80,386 77,085 73,761 70,483
Senior 77,823 84,442 92,414 102,055 109,036 109,695 110,305 107,773 104,003 97,614 94,465
Fifth year 5,419 5,520 5,731 5,706 6,722 6,23C 6,159 5,928 7,140 5,755 6,894

Total part time 25,811 32,227 32,825 31,940 35,061 34,864 36,673 38,137 35,200 39,243 39,748

Total number of schools 286 287 286 286 292 289 297 311 316 320 323

ABET-accredited schools . . . . 239 246 250 249 258 258 264 270 277 281 284

Engineering technology programs

Total enrollment NA NA 191,152 176,133 163,226 157,897 123,571 137,390 128,501 131,704 127,687

Total full time NA NA 134,444 120,342 112,745 111,446 83,038 90,536 80,600 79,624 76,179
First year NA NA 65,893 59,339 53,032 46,806 34,389 39,177 32,685 33,477 32,225
Second year NA NA 40,774 36,807 33,799 31,716 23,293 25,612 22,906 21,852 21,627
Other full-time associates . NA NA 872 797 925 1,165 466 657 1,404 1,760 1,810

Bachelor of engineering
technology third and
later years NA NA 26,905 23,399 24,989 31,759 24,890 25,090 23,605 22,535 20,517

Total part time NA NA 56,708 55,791 50,481 46,451 40,533 46,854 47,901 52,080 51,508

Nurnber of schools NA NA NA NA NA NA 200 257 291 310 286

NA not available

Schook with at least ono stturn accredited by the Accreditation Board of Engineering and Technology (ABET).

SOURCE Engincerirl; Moopower Commission, American Association of Engineering Societies, Engineering & Technology Enrollments, Fall 1989, Parts I and II (Washington. DC: AAES, 1990).

See figure 2-4 Science & Engineering Indicators - 1991
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Appendix table 2-7.
Bachelors degree conferrals, by field and gender: 1980-89

235

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Total

Total, all baccalaureates 940,251 946,877 964,043 980,679 986,345 990,880 1,000,352 1,003,532 1,006,033 1,030,171

Total science and engineering . . 291,983 294,867 302,118 307,229 314,666 321,739 323,950 318,942 308,760 307,580

Total sciences 232,743 230,799 234,327 234,275 238,135 243,868 246,889 244,237 238,354 240,366

Physical sciences 17,506 17,481 17,311 16,199 15,834 16,271 15,786 15,466 14,263 14,148

Mathematics 11,473 11,173 11,708 12,557 13,342 15,267 16,388 16,626 16,122 15,439

Computer sciences 11,213 15,233 20,431 24,682 32,435 39,121 42,195 39,927 34,896 30,963

Environmental sciences . . . 6,155 6,694 7,061 7,298 7,925 7,576 6,076 4,689 3,554 3,181

Life sciences 71,617 68,086 65,041 63,237 59,613 57,812 56,465 56,215 54,280 52,612

Psychology 42,513 41,364 41,539 40,825 40,375 40,237 40,937 43,195 45,378 48,954

Social sciences 72,266 70,768 71,236 69,477 68,611 67,584 69,042 68,119 69.861 75,069

Total engineering 59,240 64,068 67,791 72,954 76,531 77,871 77,061 74,705 70,406 67,214

Men

Total, all baccalaureates 477,750 474,336 477,543 483,395 486,750 486,662 490,306 485,003 481,236 487,566

Total science and engineering . . 186,009 186,425 188,957 191,617 196,650 200,301 200,893 194,633 186,671 183,787

Total sciences 132,783 129,474 129,503 128,382 130,952 133,746 135,035 131,401 127,105 126,817

Physical sciences 13,317 13,167 12,779 11,586 11,177 11,434 11,090 10,793 9,677 9,777

Mathematics 6,625 6,392 6,650 7,059 7,428 8,231 8,772 8,900 8,662 8,333

Computer sciences 7,814 10,280 13,316 15,690 20,369 24,690 27,069 26,038 23,543 21,418

Environmental sciences . . . 4,693 5,028 5,254 5,450 5,991 5,715 4,722 2,629 2,707 2,380

Life sciences 44,021 40,610 38,115 36,677 34,253 32,664 31,643 31,592 29,731 28,787

Psychology 15,590 14,447 13,756 13,228 12,949 12,815 12,691 13,399 13,584 14,291

Social sciences 40,723 39,550 39,633 38,692 38,785 38,197 39,048 38,050 39,201 41,831

Total engineering 53,226 56,951 59,454 63,235 65,698 66,555 65,858 63,232 59,566 56,970

Women

Total, all baccalaureates 462,501 472,541 486,500 497,284 499,595 504,218 510,046 518,529 524,797 542,604

Total science and engineering . . . 105,974 108,442 113,161 115,612 118,016 121,438 123,057 123,309 122,089 123.793

Total sciences 99,960 101,325 104,824 105,893 107,183 110,122 111,854 111,836 111,249 113,549

Physical sciences 4,189 4,314 4,532 4,613 4,657 4,837 4,696 4,673 4,586 4,371

Mathematics 4,848 4,781 5,058 5,498 5,914 7,036 7,616 7,726 7,460 7,106

Computer sciences 3,399 1,9cg 7,115 8,992 12,066 14,431 15,126 13,889 11,353 9,545

Environmental sciences 1,462 1,666 1,807 1,848 1,934 1,861 1,354 1,060 847 801

Life sciences 27,596 27,476 26,926 26,560 25,360 25,148 24,822 24,623 24,549 23,825

Psychology 26,923 26,917 27,783 27,597 27,426 27,422 28,246 29,796 31,794 34,663

Social sciences 31,543 31,218 31,603 30,785 29,826 29,387 29,994 30,069 30,660 33,238

Total engineering 6,014 7,117 8,337 9,719 10,833 11,316 11,203 11,473 10,840 10.244

SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Degrees. 1966-89, A Source Book, NSF 91-314. Detailed
Statistical Tables (Washington, DC: NSF, 1991).

See figure 25 and figure 015 in Overview. Science & Engineering Indicators 1991
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Appendix table 2-8.
Bachelors degree conferrals, by field and racial/ethnic group: 1977-89
(page 1 of 2)

Field' 1d17 1979 1981 1985 1987 1989

Total, U.S. citizens and permanent residents

Total science and engineering 326,418 322,195 322,189 345,400 339,934 336,582

Total sciences 280,325 264,192 253,803 257,992 254,800 257,857
Physical sciences' 22,038 22,659 23,441 22,892 19,027 16,482

Mathematics 13,977 11,534 10,717 144.12 16,506 14,524

Computer sciences 6,161 8,392 14,455 36,692 35,943 27,721

Life sciences' 74,230 71,442 64,560 55,479 51,729 48,561

Psychology 47,297 42,561 40,878 39,406 41,248 47,396

Social sciences' 116,622 107,604 99,752 89,311 91,347 103,173

Total engineering' 46,093 58,003 68,386 87,408 85,134 78,725

White, non-Hispanic

Total science and engineering . 290,175 284,852 281,924 299,662 289,700 283,260

Total sciences 248,103 232,201 221,068 223,357 217,834 218,035

Physical sciences' 20,417 20,958 21,249 20,541 16,653 14,238

Mathematics 12,602 10,229 9,447 12,163 13,265 12,287

Computer sciences 5,508 7,404 12,566 31,321 29,181 21,711

Life sciences 67,891 64,445 57,529 48,248 44,034 40,594

Psychology 41,494 36,648 34,718 33,959 35,761 40,506

Social sciences' 100,191 92,517 85,559 77,125 78,940 88,699

Total engineering' 42,072 52,651 60,856 76,305 71,866 65,225

Black, non-Hispanic

Total science and engineering . 19,455 18,743 18,828 18,075 18,279 18,405

Total sciences 18,070 16,968 16,379 14,933 14,859 15,251

Physical sciences' 692 704 911 830 823 697

Mathematics 712 652 585 770 834 792

Computer sciences 361 507 786 2,143 2,820 2,457

Life sciences' 2,724 2,837 2,650 2,417 2,185 2,225

Psychology 3,221 3,218 3,308 2,667 2,451 2,743

Social sciences' 10,360 9,050 8,139 6,106 5,746 6,337

Total engineering' 1,385 1,775 2,449 3,142 3,420 3,154

Asian

Total science and engineering 6,096 7,080 9,027 13,791 17,612 19,734

Total sciences 4,885 5,222 5,961 8,784 11,234 12,831

Physical sciences' 377 439 599 763 894 922

Mathematics 316 324 392 885 1,034 1,019

Computer sciences 163 263 669 2,044 2,455 2,268

Life sciences' 1,558 1,788 1,807 2,197 2,844 3,146

psychology 807 781 843 845 1,154 1,575

Social sciences' 1,664 1,627 1,651 2,050 2,853 3,901

Total engineering' 1,211 1,858 3,066 5,007 6,378 6,903

(continued)
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Appendix table 2-8.
Bachelors degree conferrals, by field and racial/ethnic group: 1977-89
(page 2 of 2)

237

Field 1977 1979 1981 1985 1987 1989

Native American

Total science & engineering . . . 1,155 1,187 1202, 1,484 1,350 1,323

Total sciences 1,020 1,023 1,007 1,175 1,067 1,048

Physical sciences' 68 63 65 98 72 62

Mathematics 26 41 18 59 52 53

Computer sciences 15 11 21 139 112 90

Life sciences' 270 233 233 231 202 215

Psychology 167 177 196 201 180 420

Social sciences' 474 498 474 447 449 208

Total engineering' 135 164 195 309 283 275

Hispanic

Total science & engineering . 9,537 10,333 11,208 12,388 12,993 13,860

Total sciences 8,247 8,778 9,388 9,743 9,806 10,692

Physical sciences' 484 495 617 660 585 563

Mathematics 321 288 275 335 321 373

Computer sciences 114 207 413 1,045 1,375 1,195

Life sciences' 1,787 2,139 2,341 2,386 2,464 2,381

Psychology 1.608 1,737 1,813 1,734 1,702 2,152

Social sciences' 3,933 3,912 3,929 3,583 3,359 4,028

Total engineering' 1,290 1,555 1,820 2.645 3,187 3,168

NOTES: Data by racial/ethnic group are collected on a biennial schedule: data are provided by institutions: imputations are done for some nonresponse. Racial/ethnic
categories are designated on the survey form. These categories include U.S. citizens and foreign citizens on permanent visas. Data are not available by racial/ethnic
group for foreign citizens on temporary visas.

'Data on racial/ethnic groups are collected by broad fields of study only: therefore, these data cannot be adjusted to the exact field taxonomies used by the National
Science Foundation.

'Includes environmental sciences.

'Excludes health sciences.

Tor 1977 to 1981, social sciences included Afro-American black cultural studies and American Indian studies.

'Includes engineering technology. Racial/ethnic data for engineering and engineering technology can only be separated for 1985 and 1987.

SOURCE: Science Resources Studies Division, J.ational Science Foundation. unpblished tabulations from the Completion Survey conducted by the National Center
for Education Statistics.

Science & Engineering Indicators - 1991
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Appendix table 2-9.
Freshman intentions as predictor of science and engineering
bachelors degrees

Computer
Engineering sciences

Natural
sciences

Social &
behavioral
sciences

Freshman intentions'

Percent
1977 9.5 0.9 11.8 9.5
1978 10.1 1.5 11.6 9.4
1979 10.5 1.8 10.1 9.0

1980 11.4 2.5 9.2 8.3
1981 11.1 3.8 9.4 7.7
1982 12.0 4.9 8.7 7.2
1983 11.5 4.9 9.1 7.6
1984 11.0 3.5 9.1 8.6
1985 10.5 2.5 8.5 9.0
1986 10.2 1.9 8.2 9.5
1987 9.5 1.6 7.7 10.0
1988 8.9 1.6 7.8 11.3

1989 9.8 1.6 8.2 11.0

1990 9.7 1.7 8.4 11.0

Share of bachelors degrees

1980 6.3 1.2 11.4 12.2

1981 6.8 1.6 10.9 11.8
1982 7.0 2.1 10 r 11.7

1983 7.4 2.5 1 , 11.2

1984 7.8 3.3 9.8 11.0

1985 7.9 3.9 9.8 10.9

1986 7.7 4.2 9.5 11.0

1987 7.4 4.0 9.3 11.1

1988 7.0 3.5 8.8 11.5

1989 6.5 3.0 8 3 12.6

'Percentage of freshmen at 4-year colleges and universities who plan to major in a
science or engineering field.

'Science and engineering bachelors degrees as a pecentage of all bachelors degrees.

SOURCES: Science Resources Studies Division. Nahonal Science Foundation .
unpublished tabulations: and Higher Education Research Institute, University of
California at Los Angeles, unpublished tabulations.

See figure 2-6. Science & Engineering Indicators - 1991
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Appendix table 2-10,
Science and engineering graduate students, by field and gender: 1980-90

239

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Total

Total science & engineering . . 327,533 334,059 340,707 349,547 352,027 360,722 370,487 375,632 378,274 386.047 401.569

Total sciences 252,449 253,580 256,126 257,610 258,383 263,771 267,416 270,988 274,555 281,232 292,270
Physical sciences 26,952 27,382 28,199 29,466 30,064 30,995 32,260 32,738 32,972 33,628 34,337
Mathematics 15,360 15,915 17,199 17,397 17,478 17,613 17,990 19,141 19,382 19,884
Computer sciences 13,578 16,437 19,812 23,616 25,810 29,844 31,425 32,137 32,787 32,846 34,507
Environmental sciences . . 14,208 14,422 15,174 15 .544 15,612 15,545 15,163 14,522 14,032 13,848 14,159
Life sciences 60,144 59,079 58,624 58,345 58,233 57,918 58.545 58,456 59,316 60.655 62,104
Psychology 40,636 40,691 40,082 41,039 41,074 41.308 41,551 42,888 44,389 46,304 48,659
Social sciences 81,571 79,654 77,036 72,203 70,112 70,548 70,482 71,674 71,918 74,569 78,620

Total engineering 75.084 80,479 84,581 91,937 93,644 96.951 103.071 104.644 103.719 104,815 109,299

Men

Total science & engineering . . 232,753 233,604 236,602 242,234 243,683 249,089 255,324 257.686 256,113 258,889 266,292

Total sciences 164,172 161,056 160,987 160,276 160,574 163,470 164,922 166,131 165,719 167,874 171,954
Physical sciences 22,352 22,366 22,776 23,586 23,904 24,483 25.395 25,620 25,473 25,825 26,223
Mathematics 11,272 11,419 12,109 12,184 12,295 12,227 12,501 12,944 13,348 13,359 13,646
Computer sciences 10,491 12,228 14,366 16,968 18,905 22,387 23,677 24,233 24,564 24,880 26,316
Environmental sciences 10,940 10,945 11,393 11,593 11,694 11,571 11,183 10,708 10.164 9,923 9,994
Life sciences 38,939 37,580 36,335 35,755 35,473 34,904 34,965 34,776 34,695 35,013 35.367
Psychology 19,036 17,902 16.977 16,687 16,216 15,778 15,459 15,744 15,643 15,906 15,963
Social sciences 51,142 48,616 47,031 43,503 42,087 42,120 41,742 42,106 41,832 42,968 44,445

Total engineering 68,581 72,548 75,615 81,958 83,109 85,619 90.402 91,555 90,394 91,015 94,338

Women

Total science & engineering . . 94,780 100,455 104,105 107,313 108,344 111,633 115,163 117,946 122,161 127,158 135,277

Total sciences 88,277 92,524 95,139 97,334 97,809 100,301 102,494 104,857 108,836 113,358 120,316
Physical sciences 4,600 5,016 5.423 5.880 6,160 6,512 6,865 7,118 7,499 7,803 8,114
Mathematics 4,088 4,496 5,090 5,213 5,183 5,386 5,489 5,629 5,793 6,023 6,238
Computer sciences 3,087 4,209 5,446 6,648 6,905 7,457 7,748 7,904 8,223 7,966 8,191

Environmental sciences . 3,268 3,477 3,781 3,951 3,918 3,974 3,980 3,814 3,868 3.925 4,165
Life sciences 21,205 21,499 22,289 22,590 22,760 23,014 23,580 23,680 24,621 25,642 26,737
Psychology . ..... . 21,600 22,789 23.105 24,352 24,858 25.530 26.092 27,144 28,746 30.398 32,696
Social sciences 30,429 31,038 30,005 28,700 28,025 28,428 28,740 29,568 30,086 31,601 34,175

Total engineering 6,503 7,931 8,966 9,979 10.535 11,332 12,669 13,089 13,325 13,800 14,961

SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering:
Fall 1990, NSF 91-320 (Washington, DC: NSF. 1991), unpublished tabulations; and annual series.

See figure 2-7. Science & Engineering Indicators 1991
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Appendix table 2-11.
Science and engineering graduate students, by field and raciallethnic group: 1983-90
(page 1 of 2)

Appendix A. Appendix Tables

1983 1984 1985 1986 1987 1966 1989 1990

Total, U.S. citizens'

Total science & engineering. 278,994 279,554 283,741 286,279 287,606 284,243 287,681 299,110

Total sciences 214,676 213,916 215,725 215,349 216,457 215,893 219,731 227,938

Physical sciences 21,805 22,017 22,054 22,232 22,110 21,860 21,820 21,826

Mathematics 12,442 12,285 12,262 12,179 12,443 12,716 12,711 13,443

Computer sciences 18,068 19,451 22,386 23,419 23,409 23,717 23,122 23,778

Environmental sciences 13,679 13,808 13,651 13,067 12,299 11,589 11,247 11,442

Life sciences 49,567 49,208 48,366 47,918 47,785 46,612 46,878 47,391

Psychology 39,605 39,685 39,811 40,047 41,346 42,726 44,652 46,819

Social sciences 59,510 57,462 57,195 56,487 57,065 56,673 59,301 63,239

Total engineering 64,318 65,638 68.016 70,930 71,149 68,350 67,950 71,172

White

Total science & engineering 226,010 224,118 224,898 228,655 230,170 230,855 232,012 241,210

Total sciences 176,909 174,289 174,063 175,249 175,991 178,030 180,165 186,869

Physical sciences 18,657 18,595 18,338 18,565 18.098 18,292 18,328 18,570

Mathematics 10,293 9,976 9.818 9,547 9,695 10,188 10,174 10,705

Computer sciences 13,482 13,983 15,569 16,498 17,149 17,660 16,665 17,436

Environmental sciences 12,322 12,021 11,860 11,654 11,035 10,531 10,309 10,476

Life sciences 43,665 43,725 42,051 41,767 40,532 40,454 40,107 40,343

Psychology 32,665 32,143 32,741 33,285 34,872 36,120 37.815 39,511

Social sciences 45,825 43,846 43,686 43,933 44,610 44,785 46,767 49,828

Total engineering 49.101 49,829 50,835 53,406 54.179 52,825 51,847 54,341

Black

Total science & engineering . 11,045 10,781 10,587 10,580 10.510 11,246 11,779 12,891

Total sciences 9,634 9,306 9,165 9,071 9,075 9,713 10,131 11,081

Physical sciences 575 596 535 524 536 569 633 653

Mathematics 404 394 410 450 442 422 463 512

Computer sciences 564 561 609 686 750 825 838 984

Environmental sciences 111 108 122 98 95 108 96 125

Life sciences 1,296 1,295 1.332 1,238 1.194 1,304 1,372 1,441

Psychology 1.911 1,933 1,815 1.815 1.825 1.983 2094, 2,289

Social sciences 4,773 4,419 4,342 4,260 4,233 4,502 4,635 5,077

Total engineering 1,411 1,475 1,422 1,509 1,435 1,533 1,648 1,810

Asian

Total science & engineering 9,393 10,208 12,049 12,883 14,639 15,256 15,778 17,474

Total sciences 5,974 6,374 7,222 7,697 8.754 9,289 9.745 10,699

Physical sciences 748 891 937 912 1,047 1,213 1,141 1,217

Mathematics 564 565 625 707 771 759 710 900

Computer sciences 1,099 1,251 1,853 2,078 2,463 2.690 2.748 2,864

Environmental sciences 239 187 193 152 181 210 211 267

Life sciences 1,409 1,460 1,602 1,716 1,846 2,035 2,263 2,585

Psychology 532 545 559 619 728 752 821 964

Social sciences 1,383 1,475 1,453 1,513 1,718 1,630 1,851 1,902

Total engineering 3,419 3,834 4,827 5,186 5,885 5,967 6,033 6,775

(continued)
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Appendix table 2-11.
Science and engineering graduate students, by field and racial/ethnic group: 1983-90
(page 2 of 2)

241

1983 1984 1985 1986 1987 1988 1989 1990

Native American

Total science & engineering . 919 835 741 752 788 928 859 1,048

Total sciences 738 643 619 620 664 784 734 891

Physical sciences 45 77 35 48 46 52 44 63

Mathematics 32 23 22 32 48 32 i.1, 20

Computer sciences 22 48 56 20 27 40 41 42

Environmental sciences 27 23 23 21 19 29 27 30

Life sciences 153 108 109 130 118 139 110 157

Psychology 136 116 136 135 153 179 181 236

Social sciences 323 248 238 234 253 313 297 343

Total engineering 181 192 122 132 124 144 125 157

Hispanic

Total science & engineering . . 8,928 8,715 8,637 8,713 8,842 9,132 9,487 10 .502

Total sciences 7,463 7,193 7,140 7,071 7,108 7,401 7,762 8.547

Physical sciences 563 535 599 629 591 624 680 641

Mathematics 331 292 262 270 266 328 305 370

Computer sciences 282 292 481 445 544 517 546 566

Environmental sciences 226 263 241 239 228 211 213 241

Life sciences 1,138 1,103 1,263 1,265 1,262 1,405 1,510 1,530

Psychology 1,814 1903, 1,613 1,709 1,669 1,728 1,756 2,159

Social sciences 3,109 2,805 2,681 2,514 2,548 2,588 2,752 3,040

Total engineering 1,465 1,522 1,497 1,642 1,734 1,731 1,725 1,955

NOTE: Data on racial/ethnic groups are only available for U.S. citizens.

'Total includes racial/ethnic group unknown.

SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Scienco and Engineering:
Fall 1990, NSF 91320 (Wash gton, DC: NSF, 1991), unpublished tabulations; and annual series.

See figure 2-8. Science & Engiering indicators -1991
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Appendix table 2-12.
First year full-time science and engineering graduate enrollment, by field and gender: 1982-90

1982 1983 1984 1985 1986 1987 1988 1989 1990

Total

Total science & engineering . 70,351 72,405 70,829 71,771 73,618 71,508 71,484 75,506 76,934

Total sciences 51,969 53,140 51,666 53,335 53,029 52,006 52,145 55,566 56,681
Physical sciences 6,185 6,705 6,513 6,645 6,935 6,779 6,528 6,842 6,817
Mathematics 3,694 3,600 3,738 3,985 4,029 3,900 3,919 4,224 4,244
Computer sciences 3,330 3,898 4,056 4,774 5,033 5,135 5,229 5,707 5,396
Environmental sciences 3,648 3,775 3,387 3,275 3,091 2,609 2,603 2,672 2,707
Life sciences 12,540 12,700 12,528 12,305 12,172 12,037 12,011 12,416 12,770
Psychology 7,567 7,804 7,558 7,837 7,703 7,874 8,258 9,115 8,800
Social sciences 15,005 14,658 13,886 14,514 14,066 13,672 13,597 14,590 15,947

Total engineering 18,382 19,265 19,163 18,436 20,589 19,502 19,339 19,940 20,253

Men

Total science & engineering . 48,019 49,403 48,399 48,324 49,782 48,049 47,207 49,345 49,710

Total sciences 31,909 32,504 31,604 32,306 31.930 31,202 30,644 32,286 32,497
Physical sciences 4,747 5,144 5,025 5,099 5,280 5,145 4.812 5,039 5,011

Mathematics 2,582 2,458 2,622 2,732 2,777 2,623 2,637 2,773 2,821

Computer sciences 2,450 2,894 2,992 3,620 3,874 3,941 3,967 4,426 4,208
Environmental sciences . 2,650 2,753 2,482 2,364 2,245 1,854 1,804 1,825 1,863
Life sciences 7,363 7,448 7,325 7,076 6,819 6,714 6,646 6,810 6,853
Psychology 2,961 3,001 2,849 2,899 2,700 2,858 2,747 2,965 2,791

Social sciences 9,156 8,806 8,309 8,516 8,235 8,067 8,031 8,443 8,950

Total engineering 16,110 16,899 16,795 16,018 17,852 16,847 16,563 17,059 17,213

Women

Total science & engineering . . 22,332 23,002 22,430 23,447 23,836 23,459 24,277 26,161 27,224

Total sciencec 20,060 20,636 20,062 21,029 21,099 20,804 21,501 23,280 24,184
Physical sciences 1,438 1,561 1,488 1,546 1,655 1,634 1,716 1,803 1,806

Mathematics 1,112 1,142 1,116 1,25S 1,252 1,277 1,282 1,451 1,423

Computer sciences 880 1,004 1,064 1,15,, 1,159 1,194 1,262 1,281 1,188

Environmental sciences 99r 1,022 905 911 846 755 799 847 844
Life sciences 5,177 5,252 5,203 5,229 5,353 5,323 5,365 5,606 5,917

Psychology 4,606 4,803 4,709 4,938 5,003 5,016 5,511 6,150 6,009

Social sciences 5,849 5,852 5,577 5,998 5,831 5,605 5,566 6,142 6,997

Total engineering 2,272 2,366 2,368 2,418 2,737 2,655 2,776 2,8131 :3,040

SOURCES. Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering:
Fall 1990, NSF 91-320 (Washington, DC: NSF, 1991), unpublished tabulations; and annual series.

Science & Engineering Indicators - 1991
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Appendix table 2-13.
Part-time science and engineering graduate enrollment, by field and gender: 1982-90

1982 1983 1984 1985 1986 1987 1988 1989 1990

Total

Total science & engineering . 117,937 118,977 119,845 125,129 126,063 126,980 125,631 126,636 133,948

Total sciences 83.589 81,361 81,729 84,461 83,700 84,503 85,312 86,537 91,196
Physical sciences 4,159 4,261 4,212 4,326 4,496 4,324 4,398 4,435 4,764
Mathematics 6,376 6,433 6.159 5,780 5,592 5,524 5,618 5,677 6,014
Computer sciences 10,641 12,929 14,223 15,743 16,115 16,565 17.191 16,838 17,635
Environmental sciences. . 3,738 3,495 3,793 4,106 3,840 3,979 3,736 3,110 3,864
Life sciences 11 ,744 11,397 11,003 11,459 11,138 10,684 10,558 10,745 11,458
Psychology 14,270 14,338 14,966 15,539 15,030 15,391 15,909 16,132 17,667
Social sciences 32,661 28,508 27,373 27,508 27,489 28,036 27,902 29,000 29,794

Total engineering i4,348 37,616 38,116 40,668 42,363 42,477 40,319 40,099 42,752

Men

Total science & engineering . . 79,676 80,012 80,587 83,927 84,443 84,648 82,464 82,489 86.292

Total sciences 48.887 46,621 46,821 48,176 47,608 47,900 47,750 47,944 49,680
Physical sciences 3,135 3,215 3,149 3,242 3,372 3,236 3,265 3,290 3,495
Mathematics 4,080 4.140 3,963 3,612 3,503 3,453 3,540 3,590 3,819
Computer sciences 7,506 8,930 10,080 11,336 11,702 11,988 12,367 12,174 12,944
Environmental sciences. . . 2,785 2.555 2,765 2.997 2,793 2,882 2,658 2,576 2,649
Life sciences 6,564 6,196 6,004 6,141 5,886 5,711 5,383 5,431 5,774
Psychology 5,696 5,282 5,460 5,422 5,127 5,260 5,328 5,237 5,206
Social sciences 19,121 16,303 15,400 15,426 15,225 15,370 15.209 15,646 15,793

Total engineering 30,789 33,391 33,766 35.751 36,835 36,748 34,714 34,545 36,612

Women

Total science & engineering . . 38.261 33.965 39,258 41,202 41,620 42,332 43,167 44,147 47.656

Total sciences 34,702 34.740 34,908 36,285 36,092 36,603 37,562 38,593 41,516
Physical sciences 1,024 1.046 1,063 1.084 1.124 1,088 1,133 1,145 1,269
Mathematics 2,296 2,293 2,196 2,168 2,089 2,071 2,076 2,087 2,195
Computer sciences 3, 35 3,999 4.143 4,407 4,413 4.577 4.824 4,664 4,691
Environmental sciences. . . 953 940 1,028 1,109 1,047 1,097 1,078 1.134 1,215
Lite sciences 5,180 5201, 4,999 5.318 5,252 4,973 5,175 5,314 5,684
Psy;holcoy 8,574 9,056 9,506 10,117 9,903 10,131 10.581 10,895 12,461

Social sc:erices 13,540 12,205 11,973 12,082 12,264 12,666 12,693 13,354 14,001

Total engineering . . . 3,559 4,225 4,350 4,917 5,528 5.729 5,605 5,554 6,140

SOURCES: Science Resources Stu.Nes Division. National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering:
Fal! 1990. NSF 9-320 (Washington. DC: NSF. 1991). unpublished tabulations: and annual series.
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Appendix table 2-14.
Masters degree conferrals, by field and gender: 1980-89

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Total

Total, all masters degrees 299,095 296,798 296,580 290,931 285,462 287,210 289,823 290,532 300,091 311,050

Total science anC engineering . 54,391 54,811 67,025 58,868 59,569 61,278 62,526 63,018 63,897 66,026

Total sciences 37,545 37,438 38,431 39,147 39,217 40,072 41,212 40,737 41,006 42,098

Physical sciences 3,440 3,424 3,514 3,329 3,586 3,642 3,676 3,587 3,730 3,876

Mathematics 2,868 2,569 2,731 2,839 2,749 2,888 3,171 3,327 3,434 3,431

Computer sciences 3,647 4,218 4,935 5,321 6,190 7,101 8,070 8,481 9,166 9,399

Environmental sciences 1,793 1,876 2,012 1,959 1,982 2,160 2,234 2,051 1,920 1,819

Life sciences 10,278 9,731 9,824 9,720 9,330 8,757 8,572 8,831 8,559 8,430

Psychology 7,861 8,039 7,849 8,439 8,073 8,481 8,363 8,165 7,925 8,652

Social sciences 7,658 7,581 7,566 7,540 7,307 7,043 7,126 6,295 6,272 6,491

Total engineering 16,846 17,373 18,594 19,721 20,352 21,206 21,314 22,281 22,891 23,928

Men

Total, all masters degrees 151,159 147,431 145,941 145,114 143,998 143,717 143,932 141,655 145,403 149,399

Total science and engineering . . 40.008 39,797 41,049 41,787 41,894 42,979 43,344 43,480 44,416 45,262

Total sciences 24,352 23,830 24,139 23,942 23,701 24,101 24,501 24,040 24,379 24,466

Physical sciences 2,801 2,743 2,765 2,636 2,736 2,811 2,759 2,694 2,838 2,836

Mathematics 1,832 1,692 1,821 1,859 1,795 1,877 2,055 2,026 2,057 2061,

Computer sciences 2,883 3,247 3,625 3,813 4,379 5,064 5,658 5,985 6,702 6,773

Environmental sciences 1,457 1,470 1,560 1,515 1,517 1,639 1,717 1,531 1,433 1,337

Life sciences 6,952 6,451 6,315 6,111 5,728 5,265 5,022 5,180 5,011 4,849

Psychology 3,397 3,371 3,228 3,254 2,980 3,064 2,937 2,838 2,599 2,814

Social sciences 5,030 4,856 4,825 4,754 4,566 4,381 4,353 3,786 3,739 3,796

Total engineering 15,656 15,967 16,910 17,845 18,193 18,878 18,843 19.440 20,037 20,796

Womtm

Total. all masters degrees 147,936 149,367 150,639 145,817 141.464 143,493 145,891 148,817 154,688 161,651

Total science and engineering . . . 14,383 15,014 15,976 17,081 17,675 18,299 19,182 19,538 19,481 20,764

Total sciences 13,193 13,608 14,292 15,205 15,516 15,971 16,711 16,697 16,627 17,632

Physical sciences 639 681 749 693 850 831 917 893 892 1,040

Mathematics 1,036 877 910 980 954 1,011 1,116 1,301 1,377 1,370

Computer sciencss 764 971 1,310 1,508 1,811 2,037 2,412 2,496 2,464 2,626

Environmental sciences 336 406 452 444 465 521 517 520 487 482

Life sciences 3.326 3,280 3,509 3,609 3,602 3.492 3,550 3.651 3,548 3,581

Pvichology 4,464 4.668 4,621 5,185 5,093 5,417 5,426 5,327 5,326 5,838

Social sciences 2,628 2.725 2,741 2,786 2,741 2,662 2,773 2,509 2,533 2,695

Total engineering 1,190 1,406 1,684 1,875 2,159 2,328 2,471 2,841 2,854 3,132

SOURCES: Science Resources Studies Division. National Science Foundation, Solected Data on Graduate Students and Postdxtorates in Science and Engineering:
Fall 1990. NSF 91-320 (Washington, DC: NSF. 1991), unpublished tabulations: and annual series.

See figure 2-9. Science & Engineering Indicators 1991
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Appendix table 2-15.
Masters degree conferrals, by field and racial/ethnic group: 1977-89
(page 1 of 2)

Field' 1977 1979 1981 1985 1987 1989

Total, U.S. citizens and permanent residents

Total science & engineering . . . 55,054 50,201 48,711 50,994 50,720 51,872

Total sciences 42,359 38,784 36,909 36,094 34,773 35,510
Physical sciences' 4,689 4,713 4,457 4,563 4,271 4,232
Mathematics 3,328 2,571 2,103 2,146 2.331 2,309
Computer sciences 2,432 2,528 3,239 5,233 5,848 6,061

Life sciences' 9,748 9,697 8,954 7,624 6,963 6,561

Psychology 8,149 7,852 7,769 8,129 7,493 7,994
Social sciences' 14,013 11,423 10,387 8,399 7,867 8,353

Total engineering 12.695 11,417 11,802 14,900 15,947 16,362

White, non-Hispanic

Total science & engineering . . . 49,670 45,185 43,435 44,387 43,715 44,316

Total sciences 38,226 35,103 33,288 31,808 30,476 30,894
Physical sciences' 4,363 4,373 4,115 4,133 3,834 3,766

Mathematics 3,048 2,352 1,890 1,873 2,012 2,032

Computer sciences 2,208 2,273 2.818 4,303 4,717 4,786
Life sciences' 9,042 8,909 8,296 6,946 6,236 5,878
Psychology 7,201 7,078 7,019 7,220 6,698 7,075

Social sciences' 12,364 10,118 9,150 7,333 6,979 7,357

Total engineering' 11,444 10,082 10,147 12,579 13,233 13,422

Black, non-Hispanic

Totai science & engineering . . 2,266 1$88 1,787 1,755 1,803 1,688

Total sciences 2,026 1,742 1,527 1,396 1,370 1,287

Physical sciences' 94 86 107 89 79 78

Mathematics 133 71 67 53 73 59

Computer sciences 67 65 70 180 207 198

Life sciences' 257 296 244 226 245 177

Psychology 506 476 424 426 376 395

Social sciences' 969 748 615 422 390 380

Total engineering' 240 246 260 359 433 401

Asian

Total science & engineering . . . . 1,693 1,895 2,132 3,276 3,475 4,100

Total sciences 056 1,045 1,053 1,703 1,783 2,073

Physical sciences' 142 160 153 213 227 278

Mathematics 90 104 97 164 183 178

Computer sciences 108 149 279 615 779 894

Life sciences' 246 309 212 254 247 276

Psychology 95 87 77 129 113 131

Social sciei ices' 275 236 235 328 234 316

Thtal engineering' 737 850 1,079 1,573 1.692 2,027

(continued)
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Appendix table 2-15.
Masters degree conferrals, by field and racial/ethnic group: 1977-89
(page 2 of 2)

Field' 1977 1979 1981 1985 1987 1989

Native American

Total science & engineering 148 163 159 222 171 205

Total sciences 125 139 128 173 108 170

Physical sciences' 21 29 11 21 9 18

Mathematics 12 8 7 7 3 6

Computer sciences 3 16 12 41 22 39

Life sciences' 27 21 22 24 17 23

Psychology 26 20 32 37 35 33

Social sciences' 36 45 44 43 22 51

Total engineering 2. 24 31 49 63 35

Hispanic

Total science & enineering 1,277 970 1,198 1,354 1,556 1,563

Total sciences 1,026 755 913 1,014 1,036 1,086

Physical sciences' 69 65 71 107 122 92

Mathematics 45 36 42 49 60 34

Computer sciences 46 25 60 94 123 144

life sciences' 176 162 180 174 218 207

Psychobgy 321 191 217 317 271 360

Social sciences4 369 276 343 273 242 249

Total engineering 251 215 285 340 520 477

NOTES: Data by racial/ethnic group are collected on a biennial schedule: data are provided by institutions; imputations are done for some nonresponse. Racial/ethnic
categories are designated on the survey form. These categories include U.S. citizens and foreign citizens on permanent visas. Data are not available by racial/ethnic
group for foreign citizens on temporary visas.

'Data on racial/ethnic groups are collected by broad fields of study only: therefore, these data cannot be adjusted to the exact field taxonomies used by the National
Science Foundation.

.Includes environmental sciences.

'Excludes health sciences.

'For 1977 to 1981, social sciences included Afro-American black cultural studies and American Indian studies.

'Includes engineering technology. Racial/ethnic data for engineering and engineering technology can only be separated for 1985 and 1987.

SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations from the Completion Survey conducted by the National Center
for Education Statistics.

Science & Engineering Indicators 1991



Science & Engineering Indicators 1991

Appendix table 2-16.
Doctorate conferrals, by field and gender: 1980-90

247

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Total

Total, all doctorates 31,020 31,357 31,111 31,282 31,337 31,297 31,895 32,364 33,490 34,319 36,027

Total science & engineering . . 17,523 17,996 18,017 18,393 18,514 18,712 19,251 19,707 20,741 21,530 22,673

Total sciences 15,044 15,468 15,371 15,612 15,601 15,546 15,875 15,995 16.551 16,986 17,781

Physical sciences 2,521 2,627 2,694 2,802 2,845 2,916 3,090 3,212 3,317 3,244 3,494

Mathematics 744 728 720 701 698 688 729 740 749 859 892

Computer sciences 218 232 220 286 295 310 399 450 515 612 704

Environmental sciences . 628 583 657 637 614 617 589 628 728 740 769

Life sciences 4,715 4.786 4.844 4.756 4,877 4,904 4,805 4,816 5,127 5203, 5,509

Psychology 3.098 3,358 3,159 3,347 3,257 3,117 3,124 3,169 3,064 3.203 3,267

Social sciences 3,120 3,154 3,077 3,083 3,015 2,994 3,139 2,980 3,051 3,125 3,146

Total engineering 2.479 2.528 2,646 2,781 2,913 3.166 3,376 3,712 4.190 4,544 4,892

Men

Total, all doctorates 21,612 21,465 21,018 20,749 20,638 20,553 20,591 20,938 21,679 21,811 22,966

Total science & engineering . . 13,639 13,880 13,747 13,769 13,810 13,900 14,167 14,472 15,164 15,522 16,399

Total sciences 11,250 11,451 11.225 11,112 11,048 10,932 11,016 11,002 11,260 11,353 11,921

Physical sciences 2,199 2,318 2,337 2,431 2,446 2,452 2,585 2,686 2,760 2,627 2,843

Mathematics 649 616 624 588 583 582 608 615 628 704 734

Computer sciences 197 206 200 250 258 277 351 385 459 504 594

Environmental sciences 564 527 554 540 508 506 489 514 583 590 620

Life sciences 3,565 3,565 3,552 3,390 3,529 3,495 3,353 3,284 3,436 3,433 3,657

Psychology 1,787 1,885 1,721 1,750 1,626 1,576 1,526 1,474 1,388 1,406 1,361

Social sciences 2,289 2,334 2,237 2,163 2,098 2,044 2,104 2,044 2,006 2,089 2,112

Total engineering 2,389 2,429 2.522 2,657 2,762 2,968 3,151 3,470 3,904 4,169 4.478

Women

Total, all doctorates 9,408 9,892 10,093 10,533 10,699 10,744 11,304 11,426 11,811 12,508 13,061

Total science & engineering. . . 3,884 4,116 4,270 4,624 4,704 4,812 5.084 5,235 5,577 6,008 6,274

Total sciences 3,794 4,017 4,146 4,500 4,553 4,614 4,859 4,993 5,291 5,633 5,860

Physical sciences 322 309 357 371 399 464 505 526 557 617 651

Mathematics 95 112 96 113 115 106 121 125 121 155 158

Computer sciences 21 26 20 36 37 33 48 65 56 108 110

Environmental sciences . 64 56 103 97 106 111 100 114 145 150 149

Life sciences 1,150 1.221 1,292 1,366 1,348 1,409 1,452 1,532 1,691 1,770 1,852

Psychology 1,311 1,473 1,438 1,597 1,631 1,541 1,598 1,695 1,676 1,797 1,906

Social sciences 831 820 840 920 917 950 1,035 936 1,045 1,036 1,034

Total engineering 90 99 124 124 151 198 225 242 286 375 414

SOURCE: Science Resources Studies Division, National Science Foundatior, Selected Data on Science and Engineering :octorate Awards: 1990. NSF 91-310
(Washington, DC.: NSF. 1991).

See figure 2-9. Science & Engineering Indicators 1991
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Appendix table 2-17.
Doctorate conferrals, by field and racial/ethnic group: 1980-90
(page 1 of 2)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

TOTAL, ALL DOCTORATES. 26,512 26,342 25,619 25,634 25,251 24,694 24,513 24,561 24,911 25,024 25,844
White 22,462 22,470 22,143 22,245 21,864 21,297 21,224 21,116 21,455 21,568 22,345
Black 1,105 1,110 1,143 1,005 1,055 1,043 949 907 966 962 972
Asian 1,102 1,073 1,004 1,043 1,019 1,069 1,058 1,167 1,236 1,260 1,260

Native American 75 85 77 82 74 96 99 115 94 94 93

Hispanic 485 526 614 608 607 634 678 709 696 694 813

TOTAL SCIENCE
AND ENGINEERING 14,362 14,437 14,146 14,301 14,085 13,876 13,856 13,906 14,346 14,432 14,776

White 12,146 12,388 12,330 12,478 12,246 12,004 12,014 11,921 12,326 12,364 12,727

Black 319 332 336 322 .157 357 318 308 346 352 340

Asian 866 821 765 778 774 808 807 921 913 979 968

Native American 27 26 38 28 31 41 52 52 41 52 40

Hispanic 213 238 269 282 295 290 342 354 394 379 451

Total sciences 12,808 12,966 12,681 12,819 12,572 12,282 12,130 11,993 12,198 12,203 12,473
White 11,003 11,295 11,230 11,350 11,089 10,816 10,660 10,463 10,672 10,638 10,909
Black 301 313 316 293 342 323 294 283 315 319 300

Asian 588 536 519 531 524 527 545 594 580 619 623

Native American 24 22 35 27 28 40 46 45 37 45 36

Hispanic 186 222 233 253 261 268 307 320 331 331 398

Physical sciences 2,035 2,103 2,110 2,184 2,190 2,178 2,147 2,227 2,236 2,119 2,244

White 1,661 1,757 1,859 1,917 1,888 1,900 1,858 1,942 1,927 1,817 1,929

Black 16 24 26 25 34 27 25 20 33 31 27

Asian 164 149 131 136 144 150 146 143 137 155 161

Native American 3 1 3 6 4 3 5 7 6 10 3

Hispanic 27 30 25 26 47 30 40 56 63 59 70

Mathematics 582 525 499 457 443 418 402 396 386 428 416

White 496 448 437 395 380 350 343 319 332 369 367

Black 12 9 6 3 4 7 6 11 4 8 4

Asian 42 40 32 34 30 33 28 41 33 24 25

Native American 0 1 1 0 3 0 1 0 2 0 1

Hispanic 5 5 6 7 11 12 12 11 4 11 10

Computer sciences. . . ..... 169 188 155 207 195 213 249 275 326 396 396

White 143 162 136 174 163 177 193 229 265 319 334

Black 0 2 1 3 3 3 1 2 2 1 1

Asian 9 16 12 20 20 17 37 26 44 52 46

Native American 0 0 1 1 0 0 0 3 1 2 0

Hispanic 1 0 1 0 3 6 7 4 2 4 5

Environmental sciences 538 488 557 513 499 474 446 450 542 559 544

White 485 448 510 453 461 430 413 408 500 509 502

Black 1 4 3 1 3 4 1 2 3 4 2

Asian 22 14 27 26 19 21 14 18 15 23 17

Native American 2 0 0 2 0 1 2 0 2 6 1

Hispanic 4 6 7 11 2 6 5 5 8 9 13

Life sciences 4,035 4,050 4,104 4,009 4,059 3,982 3,868 3,774 3,933 3,951 3,967

White 3,511 3,566 3,678 3,608 3,646 3,572 3,445 3,313 3,484 3,475 3,505

Black 58 61 56 58 68 69 64 73 68 7(. 56

Asian 198 181 182 197 178 175 189 208 201 222 223

Native American 6 7 10 5 11 17 17 13 12 9 7

Hispanic 36 56 54 49 52 71 83 77 97 90 111

(continued)
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Appendix table 2-17.
Doctorate conferrals, by field and racial/ethnic group: 1980-90
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Psychology 2,909 3,158 2,923 3,108 2,986 2,864 2,831 2,806 2.728 2.738 2,859

White 2,562 2,849 2,638 2,783 2,683 2,590 2,547 2,516 2,445 2,453 2,551

Black 119 113 115 112 121 105 109 93 103 97 110

Asian 50 41 31 44 43 44 41 47 47 55 51

Native American 6 9 16 9 6 10 9 16 7 11 18

Hispanic 54 66 74 94 84 69 89 95 93 93 103

Social sciences 2,540 2,454 2,333 2,341 2,200 2,153 2,187 2,065 2,047 2,012 2047.

White 2,145 2,065 1,972 2,020 1,868 1,797 1,861 1,736 1,719 1,696 1,721

Black 95 100 109 91 109 108 88 82 102 108 100

Asian 103 95 104 74 90 87 90 111 103 88 100

Native American 7 4 4 4 4 9 12 6 7 7 6

Hispanic 59 59 66 66 62 74 71 72 64 65 86

Total engineering 1,554 1,471 1,465 1,482 1,513 1,594 1,726 1,913 2,148 2,229 2,303

White 1,143 1,093 1,100 1,128 1,157 1,188 1,354 1,458 1,654 1,726 1,818

Black 18 19 20 29 15 34 24 25 31 33 40

Asian 278 285 246 247 250 281 262 327 333 360 345

Native American 3 4 3 1 3 1 6 7 4 7 4

Hispanic 27 16 36 29 34 22 35 34 63 48 53

NOTE: Data are for U.S. citizens and permanent residents only.

SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Sctence and Engsneenng Doctoratp Awards: 1990, NSF 91-310
(Washington, DC.: NSF, 1991).
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Appendix table 2-18.
Time to degree from U.S. baccalaureate to science and engineering doctorate: 1974-89

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Chemistry Ph.D.s 1.451 1,438 1,307 1,266 1,219 1,280 1,192 1,282 1,337 1,408 1,372 1,399 1,378 1,430 1,455 1,377

Total time to degree 7.12 7.12 7.20 7.13 7.22 6.92 6.94 6.94 6.92 7.28 7.24 7.21 7...6 7.39 7.41 7.42

Enrolled time to degree 5.98 5.94 6.06 6.03 6.06 5.91 5.97 5.98 6.00 6.18 6,23 6.33 6.27 6.22 6.27 6.32

Physics arid astronomy Ph.D.s. 999 970 946 872 825 848 757 743 728 749 770 734 745 769 806 75'

Total time to degree 8.16 8.20 8.19 8.42 8.31 7.93 8.32 8.04 8.33 8.23 8.18 82.5 8.52 8.44 8.31 8.40

Enrolled time to degree 6.93 7.03 7.01 7.11 7.17 6.93 7.16 7.08 7.28 7.23 7.16 7.28 7.20 7.25 7.24 7.24

Math/computer science Ph.D.s. . 897 865 766 742 722 734 690 663 623 622 587 576 588 621 653 752

Total time to degree . . 8.33 8.03 8.27 8.15 8.57 8.51 8.49 8.50 8.47 9.29 9.30 9.51 9.42 9.84 10.40 10.51

Enrolled time to degree 6.57 6.45 6.51 6.69 6.75 6.86 6 85 7.01 7.03 7.42 7,14 7.41 7.34 7.49 7,56 7.54

Environmental science Ph.D.s . 473 496 512 567 521 540 522 472 505 485 483 443 417 426 507 634

Total time to degree 9.52 9.58 8.84 9.39 8.97 8.86 9.48 9.64 9.59 9.77 9.96 9.91 10.27 10.66 10.68 10.63

Enrolled time to degree 6.80 6.82 6.64 7.00 6.89 6.97 7.11 7.29 7.24 7.64 7.78 7.66 7.85 7.87 8.08- 7.94

Lite science Ph.D s 3,350 3,568 3,594 3.531 3.614 3,768 3,949 4,011 4,090 3,928 4,003 3,919 3,808 3,683 3,869 3,847

Total time to degree 8 31 8.29 8.40 8.33 8.29 8.33 8.28 8.34 8.54 8.81 9.06 9:14 9.37 9.48 9.62 9.90

Enrolled time to degree 6 39 6.44 6.47 6.45 6.51 6.51 6.62 6.72 6.87 6.69 7.11 7.12 7.16 7.31 7.36 7.44

Psychology Ph D s 2,406 2.589 2,732 2,773 2,842 2,873 2,875 3,133 2,904 3,074 2,946 2,872 2,789 2,798 2,781 2,638

Total time to degree 8.82 8.86 8.78 9.03 9.17 9.49 9.72 10.11 10.45 10.62 11.03 11.24 11.42 11.72 12.01 12.17

Enrolled time to degree 6.44 6.43 6.54 6.62 6.78 6.96 7.12 7.24 7.47 7.58 7.86 7.93 7.96 8.10 6.25 8.44

Economics Ph D s 739 769 731 694 669 649 628 674 587 616 555 577 593 520 540 546

Total time to degree 8.78 8.93 9.22 9.01 9.31 9.37 9.44 9.22 9.38 9.69 9.72 10.04 9.95 10.04 10.01 10.30

Enrolled time to degree 6.40 6.52 6.47 6.72 6,66 6.82 6.88 7.00 7.08 7.16 7,35 7.61 7.37 7.64 7.56 7.55

Political science Ph D s 770 749 670 604 603 511 482 445 439 448 441 431 420 403 35 413

Total tune to degree 10.65 11 14 10.21 10.83 10.77 11.06 10.84 11.15 11.93 12.07 11.71 12.51 12.97 12.86 13.10 12.34

Enrolled time to degree . 6.96 7.22 7.31 7.65 7.55 7.80 7.78 7.89 8.26 8.34 8.23 8.84 9.04 8.64 .8.92 8,83

Other social science Ph.D.s . . 1.309 1.374 1,418 1.362 1.278 1.231 1,231 1,203 1,152 1,135 1.061 1,024 1.628 965 955 864

Total time to degree 10.43 10.28 10.64 10.69 10.85 11.30 11.22 11.40 11.72 12.18 12.59 13.09 13.27 13.55 14.05 14.10

Enrolled time to degree 7.22 7.05 7.32 7.61 7.63 8 09 7.99 8.27 8.52 8.81 9.06 9.30 9.32 9.54 9.80 9.73

;(11JRCIT Pohcy Research kind Analysis Division, National Science Foundation. unpubhshed tabulations from Survey of Earned Doctorates.
1,
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Appendix table 2-19.
Ratio of doctorates to bachelors awards, lagged by time to degree

Year at doctorate

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1985 1987 1988 1989

Percent

Chemistry 13.7 11.5 11.1 11.0 12.2 11.9 12.4 12.7 13.1 12.4 12.5 12.1 12.6 12.9 12.3

Physics arid astronomy 16.5 15.4 13.3 12.5 12 7 12.1 12.1 12,2 13.8 14.4 13.3 13.3 13.7 13.7 12.7

Math and computer sciences 4.8 3.9 3.2 3.0 3.1 3.0 2.9 2.8 2.8 2.9 3.1 3.3 3.6 3.9 4.5

Environmental sciences NA NA NA NA 18.3 17.3 14.5 14.4 12.4 11.5 10.4 9.6 9.3 10.1 10.1

Lite sciencec; 114 10.7 9.4 8.7 9.6 8.7 8.1 7.5 6.6 6.4 5.9 5.7 5.5 5.9 6.0

P.4chology 19.1' 17.6 15.4 13.1 12.0 10.8 11 0 9.3 9.0 8.1 7 4 7.1 7.2 7.3 7.2

Economics 6.) 6.0 4.7 4.2 3.9 3.9 4.5 4 0 4 3 4.0 4..' 4.1 3.4 3.4 3.4

Political science NA NA 4.5 3.8 2.9 2.3 2.0 2.0 1.9 1.8 1.i 1.6 1.6 1.6 1.8

Other social sciences NA NA 9.5 7.8 6.7 5.4 4.6 4.0 3.7 3.3 3.1 3.1 2.9 2.8 2.8

Engineering 5.0 4.6 4.3 3.4 3.2 :3.1 2,8 2.8 3.0 3 5 3.7 3.8 3.6 3.8 3.5

NA - data not available

NOTE See appendix table 2,18 for average time to degree by field.

Other social suences includes anthropology. sociology, history of science. linguistics, and other social science fields.

SOURCES Policy Research and Analysis Division, National Science Foundation, unpublished tabulations from Survey of Earned Dodorate and from Completion Survey.

See figure ,!-11 Science & Engineering Indicators - 1991
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Appendix table 2-20.
Full-time science and engineering graduate students, by field and source of support: 1980-90
(page 1 of 2)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

TOTAL SCIENCE
AND ENGINEERING 215,354 219,088 222,770 230,570 232,182 235,593 244,424 248,652 252,643 259,411 267,621

Federal 44,590 43,098 41,139 42,138 42,018 42,945 45,387 47,202 49,279 51,203 52,875

National Science Foundation . . 9,278 9,149 9,253 9,494 9,812 10.142 10,793 11,200 11,587 11,861 11,961

National Institutes of Health . . . 10,614 10,132 9,583 9,673 9,972 10,083 10,770 11,491 12,377 12,993 13,416

Other Health & Human Svcs . 2,148 1,802 1,412 1,114 947 1,164 1,106 1,157 999 1,179 1,250

Department of Defense 5,086 5,485 5,749 6,751 6,873 7,052 7,713 8,563 9,276 8,760 8,357

Other Federal 17,464 16,530 15,142 15,106 14,414 14,504 15,005 14,791 15,040 16,410 17,891

Non-Federal 104,440 109,282 113,486 116,847 120,409 123,923 129,066 130,819 133,663 137,465 141,158

Self-support 66,324 66,708 68,145 71,585 69,755 68,725 69,971 70,631 69,701 70,743 73,588

Total sciences 172,247 172,831 172,537 176,249 176,654 179,310 183,716 186,485 189,243 194,695 201,074

Federal 33,399 32,124 30,044 30,153 30,428 31,678 33,008 34,082 35,259 36,858 37,968

National Science Foundation . . 6,867 6,781 6,680 6,813 7,115 7,455 7,663 7,720 7,779 8,085 8,089

National Institutes of Health . . 10,106 9,686 9,180 9,196 9,506 9,628 10,321 10,976 11,822 12,349 12,742

Other Health & Human Svcs . 1,991 1,699 1,310 1,016 869 1,095 1,019 1,043 926 1,094 1,128

Department of Defense 2,228 2,325 2,294 2,737 3,065 3,278 3,598 3,978 4,306 3,952 3,741

Other Federal 12,207 11,633 10,580 10,391 9,873 10,222 10,407 10,365 10,426 11,378 12,268

Non-Federal 85,278 87,764 90,066 92,181 94,150 95,717 98,421 99,614 101,951 104,600 107,416

Self-support 53,570 52,943 52,427 53,915 52,076 51,915 52,287 52,789 52,033 53,237 55,690

Physical sciences 22,918 23,308 24,040 25,205 25,852 26,669 27,764 28,414 28,574 29,193 29,573

Federal 7,707 7,956 7,713 8,126 8,640 8,821 9,523 9,717 9,857 10,247 10,333

National Science Foundation . . 2,887 3,036 3,114 3,218 3,406 3,516 3,671 3,590 3,656 3,612 3,576

National Institutes of Health . . . 1,556 1,432 1,435 1,437 1,506 1,635 1,847 1,930 2,002 1,981 1,972

Other Health & Human Svcs . 94 107 83 98 122 161 165 167 150 130 144

Department of Defense 661 753 707 831 1,011 1,024 1,161 1,292 1,475 1,392 1,216

Other Federal 2,509 2,628 2,374 2,542 2,595 2,485 2,679 2,738 2,574 3,132 3,425

Non-Federal 13,688 13,803 14,786 15,306 15,531 16,053 16,348 16,694 16,840 17,157 17,248

Self-support 1,523 1,549 1,541 1,773 1,681 1,795 1,893 2,003 1,877 1,789 1,992

Mathematics 9,902 10,154 10,823 10,964 11,319 11,833 12,398 13,049 13,523 13.705 13,870

Federal 868 796 818 760 762 935 999 1,090 1,190 1:211 1,346

National Science Foundation . . 262 227 228 223 279 321 357 436 463 475 500

National Institutes of Health . . . 34 24 25 28 22 18 19 24 25 28 39

Other Health & Human Svcs . . 24 11 14 13 4 3 5 6 3 8 10

Department of Defensr 329 343 374 310 304 386 432 438 513 395 367

Other Federal 219 191 177 186 153 207 186 186 186 305 430

Non-Federal 7,137 7,262 7,703 8,004 8,399 8,660 9,083 9,384 9,753 9,994 10,042

Self-support 1,897 2,096 2,302 2,200 2,158 2,238 2,316 2,575 2,580 2,500 2,482

Computer sciences 6,587 7,445 9,171 10,687 11.587 14,101 15,310 15,572 15,596 16,008 16,872

Federal 953 1,008 1,075 1,130 1,269 1,638 1,892 2,084 2,226 2,361 2,444

National Science Foundation . . 333 379 389 386 431 502 527 623 634 779 819

National Institutes of Health . . . 66 48 42 26 24 20 43 61 64 53 62

Other Health & Human Svcs . 6 2 5 3 1 1 2 1 0 7 9

Department of Defense 298 394 387 475 630 860 1,037 1,137 1,214 1,164 1,129

Other Federal 250 185 252 240 183 255 283 262 314 358 425

Non-Federal 2,696 3,050 3,523 4,050 4,509 5,686 6,127 6,283 6.462 6,602 6,893

Self-support 2,938 3,387 4,573 5,507 5,809 6,777 7,291 7,205 6,908 7,045 7,535

Environmental sciences 10,969 11,038 11,436 12,049 11,819 11,439 11,323 10,543 10,296 10,138 10,295

Federal 3,442 3,010 2,854 2,874 2,848 2,960 3,033 2,868 2,799 2,863 2,939

National Science Foundation . . 1,256 1,206 1,192 1,325 1,341 1,374 1,357 1,261 1,236 1,253 1,191

National Institutes of Health . . . 34 20 42 15 30 26 25 24 19 17 21

Other Health & Human Svcs . . 87 79 35 23 11 15 14 34 32 8 13

Department of Defense 296 310 300 365 372 418 453 499 461 435 409

Other Federal 1,769 1,395 1,285 1,146 1,094 1,127 1,184 1,050 1,051 1,150 1,305

Non-Federal 4,912 5,231 5,474 5,554 5,640 5,561 5,566 5,232 5,379 5.357 5,251

Self-support 2,615 2,797 3,108 3,621 3,331 2,918 2,724 2,443 2,118 1,918 2,105

(continued)
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Full-time science and engineering graduate students, by field and source of support: 1980-90
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Life sciences 47,908 47,658 46,880 46,948 47,230 46,459 47,407 47,772 48,758 49,910 50,646
Federal 12,743 12,489 11,941 11,914 11,890 12,324 12,867 13,658 14,337 15,162 15,533

National Science Foundation 1.296 1,226 1203, 1,132 1,151 1,171 1,155 1,200 1,175 1,306 1,282

National Institutes of Health . 7,023 6,931 6,713 6,878 7,066 7,110 7,596 8,098 8,742 9,349 9,639

Other Health & Human Svcs 423 401 329 316 224 357 370 341 269 366 373

Department of Defense 173 133 131 25P 258 248 209 281 320 275 260

Other Federal 3,828 3,798 3,565 3,330 3,191 3,438 3,537 3,738 3,831 3,866 3,979

Non-Federal 24,679 24,991 25,3u2 25,735 26,296 25,762 26,211 26,152 26,698 27,197 27,919

Self-support 10,486 10,178 9,637 9,299 9,044 8,373 8,329 7,962 7,723 7,551 7,194

Psychology 26,692 26,725 25,812 26,701 26,108 25,769 26,521 27,49/ 28,480 30,172 30,992
Federal 3,390 3,055 2,414 2,141 2,062 2,057 2035, 2052, 2,173 2,215 2,401

National Science Foundation 289 246 206 190 206 235 231 246 233 236 261

National Institutes of Health . 1,043 926 716 600 647 622 589 630 763 720 799

Other Health & Human Svcs 885 737 607 424 396 434 361 379 361 463 475

Department of Defense 131 144 128 174 157 140 158 177 156 117 159

Other Federal 1,042 1,002 757 753 656 626 696 620 660 679 707

Non-Federal 10,088 10,960 10,746 11,178 11,630 11,893 12,361 12,190 12,385 12,945 13.341

Self-support 13,214 12,710 12,652 13,382 12,416 11,819 12,125 13,255 13,922 15,012 15,250

Social sciences 47,271 46,503 44,375 43,695 42,739 43,040 42,993 43,638 44,016 45,569 48,826
Federal 4,296 3,810 3,229 3,208 2,957 2,943 2,659 2,613 2,677 2,799 2,972

National Science Foundation 544 461 348 339 301 336 365 364 382 424 460

National Institutes of Health . 350 305 207 212 211 197 202 209 207 201 210

Other Health & Human Svcs 472 362 237 139 111 124 102 115 111 112 104

Department of Defense 340 248 267 324 333 202 148 154 167 174 201

Other Federal 2,590 2,434 2,170 2,194 2001, 2,084 1,842 1,771 1,810 1,888 1,997

Non-Federal 22,078 22,467 22.532 22,354 22,145 22,102 22,725 23,679 24,434 25,348 26,722

Self-support 20,897 20,226 18,614 18,133 17,637 17,995 17,609 17,346 16,905 17,422 19,132

Total engineering 43,107 46,257 50,233 54,321 55,528 56,283 60,708 62,167 63,400 64,716 66,547

Federal 11,191 10,974 11,095 11,985 11,590 11,267 12,379 13,120 14.020 14,345 14.907

National Science Foundation 2,411 2,368 2,573 2,681 2,697 2,687 3,130 3,480 3,898 3,776 3,872

National Institutes of Health . 508 446 403 477 466 455 449 515 555 644 674

Other Health & Human Svcs 157 103 102 98 78 69 87 114 73 85 122

Department of Defense 2,858 3,160 3,455 4.014 3,808 3,774 4.115 4,585 4,970 4,808 4,616

Other Federal 5,257 4,897 4,562 4,715 4,541 4,282 4,598 4,426 4,614 5.032 5,623

Non-Federal 19,162 21,518 23,420 24,666 26,259 28,206 30,645 31,205 31,712 32,865 33,742

Self-support 12,754 13,765 15,718 17,670 17,679 16,810 17,684 17,842 17,668 17,506 17.898

SOURCES: Science Resources Studies Division. National Science Foundation. Selected Data on Graduate Students and Postdoctorates in Science and Engineering:
Fall 1990. NSF 91-320 (Washington DC: NSF. 1991), unpublished tabulations; and annual series.

See figure 2-12. Science & Engineering Indicators 1991
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Appendix table 2-21.
Full-time science and engineering graduate students, by field and mechanism of support: 1980-90
(page 1 of 2)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

TOTAL SCIENCE
AND ENGINEERING 215,354 219,088 222,770 230.570 232,182 235,593 244,424 248,652 252,643 259.411 267,621

Fellowships 19,455 19,084 19,592 20,041 20,284 21,017 21,571 20,658 21.285 22,095 23,830
Traineeships 10,526 10.093 9,130 8,753 8,614 8,620 8,517 9,142 9,428 9,712 10,046
Research assistantships . . 50,140 51.314 51,066 53,396 55,963 58.907 63,782 67,632 71,729 76,005 77,629
Teaching assistantships . . 51,931 53,769 56,164 58,027 59,095 59,741 60,358 60,709 61,102 62,181 62,646
Other types of support . . . 83,302 84,828 86,818 90,353 88,226 87,308 90,196 90,511 89,099 89,418 93.470

Total sciences 172,247 172,831 172,537 176,249 176,654 179,310 183,716 186,485 189.243 194,695 201.074
Fellowships 15,698 14,907 14,899 15,194 15,409 16,206 16,625 15,983 16,797 17,383 18,662

Traineeships 9,590 9,148 8,322 7.998 7,876 7,860 7,681 8.241 8,506 8.730 9.030
Research assistantships . . 36.133 36,832 36,365 37,758 39,620 40,944 43,296 45,472 48,270 51.402 52,258

Teaching assistantships . . 44 .529 45,480 46,958 47,971 48,535 48,969 49,234 49,602 49,926 51,044 51,638
Other types of support . . . 66.297 66,464 65,993 67.328 65,214 65,331 66,880 67,187 65,744 66,136 69,486

Physical sciences 22,918 23,308 24,040 25,205 25,852 26,669 27,764 28,414 28,574 29,193 29,573
Fellowships 1.803 1.846 1,904 1,929 2,091 1.929 1,895 1,847 1,821 1,992 2,289
Traineeships 409 455 433 399 357 418 524 541 502 599 695

Research assistantships . . 8,340 8,607 8.768 9,145 9,628 10.284 10,994 11,558 12,056 12,426 12,137

Teaching assistantships . . 10.248 10.304 10.711 11,270 11,339 11,467 11,654 11,752 11,600 11,726 11,821

Other types of support . . 2,118 2,096 2,224 2,462 2,437 2,571 2,697 2,716 2.595 2,450 2,631

Mathematical sciences 9,902 10,154 10,823 10,964 11,319 11,833 12,398 13,049 13,523 13,705 13.870

Fellowships 760 681 687 694 766 857 909 859 940 1,001 1,103

Traineeships 145 134 126 124 159 149 123 158 204 212 189

Research assistantships . . 784 760 845 803 872 998 1,038 1,111 1,227 1,305 1,417

Teaching assistantships . . 5,607 5,748 6,074 6,445 6,624 6,814 7,154 7,461 7,598 7,845 7.803

Other types of support . . . 2,606 2,831 3,091 2,898 2,898 3,015 3,169 3,460 3,554 3.342 3,358

Computer sciences 6,587 7,445 9,171 10,687 11,587 14,101 15,310 15,572 15,596 16,008 16,872

Fellowships 301 396 411 488 561 781 830 784 807 847 956

Traineeships 69 101 74 50 81 73 114 103 115 134 133

Research assistantships . 1.036 1,098 1,191 1,403 1.635 2076, 2,354 2.837 3,054 3,340 3.341

Teaching assistantships , 1,481 1,782 2.074 2,411 2,748 3,216 3.251 3,404 3,434 3,460 3,653

Other types of support . . 3,700 4,068 5,421 6,335 6,562 7,955 8,761 8.444 8,186 8,227 8,789

Environmental sciences 10.969 11.038 11 .436 12,049 11,819 11,439 11,323 10,543 10,296 10,138 10,295

Fellowships 876 844 892 880 962 982 846 741 778 770 791

Traineeships 259 278 263 272 178 176 149 176 148 112 104

Research assistantships . 3,770 3,469 3,339 3,545 3.574 3,723 3,834 3,660 3,891 4.164 4,171

Teaching assistantships . 2,672 2,651 2,849 2,881 2,865 2.647 2,659 2,498 2.553 2,455 2,387

Other types of support . . 3,392 3,796 4,093 4,471 4,240 3,911 3,835 3,468 2,926 2,637 2.842

Life sciences 47,908 47,658 46.880 46,948 47.23G 46,459 47,407 47,772 48,758 49.910 50,646

Fellowships 4,086 4.154 4,141 4,205 4,201 4.586 4.850 4,794 4,736 5,103 5,349

Traineeships 4,963 4 .755 4 ,592 4,596 4,486 4 .368 4,318 4 ,563 4.734 4 .778 5,005

Research assistantships . 14,334 14,796 14,631 14,857 15,715 15,700 16,846 17,607 18,712 20.014 20,600
Teaching assistantships , 10.675 10,460 10.669 10,535 10,423 10,328 9,904 9,535 9.521 9,683 9,582

Other types of support 13,850 13,493 12,847 12,755 12.315 11,477 11,489 11.273 11.055 10,332 10,110

Psychology 26,692 26,725 25.812 26,701 26,108 25.769 26.521 27.497 28,480 30,172 30,992

Fellowships 1,601 1 .304 1,232 1,270 1,295 1,277 1,422 1.433 1,538 1.506 1,654

Traineeships 2,008 1956, 1,794 1,383 1,477 1.602 1,328 1,243 1.243 1,180 1.139

Research assistantships . 2,571 2,890 2,723 2.962 3,027 3,082 3.119 3,231 3,743 3,871 4.089

Teaching assistantships . 4,779 5.014 4.922 5.007 5.048 5,182 5,365 5,377 5,518 5,783 5,808

Other types of support . 15,733 15,561 15,141 16,079 15.261 14,626 15,287 16,213 16.438 17,832 18,302

(continued)
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Appendix table 2-21.
Full-time science and engineering graduate students, by field and mechanism of support: 1980-90
(page 2 of 2)
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Social sciences 47,271 46,503 44,375 43,695 42.739 43,040 42,993 43,638 44,016 45,569 48,826
Fellowships 6,271 5,682 5,632 5,728 5,443 5,794 5,873 5,525 6,177 6,164 6,520
Traineeships 1,737 1,469 1,040 1,174 1,138 1,074 1,120 1,457 1,560 1,715 1,765

Research assistantships . 5,298 5,212 4,868 5,043 5,169 5,081 5,111 5,468 5,587 6,282 6,503
Teaching assistantships . 9,067 9,521 9,659 9,422 9,488 9,315 9,247 9.575 9,702 10,092 10,584

Other types ot support. . . 24,898 24,619 23,176 22,328 21,501 21,776 21,642 21,613 20,990 21,316 23,454

Total engineering 43,107 46,257 50,233 54,321 55,528 56,283 60,708 62,167 63,400 64,716 66,547
Fellowships 3,757 4,177 4,693 4,847 4,875 4,811 4,946 4,675 4,488 4,712 5,168
Tr uneeships 936 945 808 755 738 760 836 901 922 982 1,016

Research assistantships . 14,007 14,482 14,701 15,638 16,343 17,963 20,486 22,160 23,459 24,603 25,371

Teaching assistantships . 7,402 8,289 9,206 10,056 10,560 10,772 11,124 11,107 11,176 11,137 11,008

Other types of support. . . 17,005 18,364 20,825 23,025 23,012 21,977 23,316 23,324 23,355 23,282 23,984

SOURCES: Science Resources Studies Division. National Science Foundation, Selected Data on Graduate
Fall 1990. NSF 91-320 (Washington DC: NSF, 1991), unpublished tabulations: and annual series.

Students and Postdoctorates in Science and Engineering:
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Appendix table 2-22.
Full-time science and engineering graduate students, by source and mechanism of support: 1980-89
(page 1 of 4)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Total science and engineering

TOTAL :..,113PORT 215,354 219,088 222,844 230,621 232,230 235,615 244,526 248,730 252149 259,575

Fellowships 19,455 19,084 19,640 20,184 20,448 21,126 21,997 20,894 21,506 22,645

Traineeships 10,526 10,093 9.122 8,735 8,615 8,610 8,503 9,128 9,425 9,557

Research assistantships 50,140 51,314 51,081 53,412 55,976 58,930 63,813 67,681 71,776 75,924

Teaching assistantships 51,931 53,769 56,161 58,020 59,091 59,730 60,360 60,730 61,120 62,154

Mechanism unknown 83,302 84,828 86,840 90,270 88,100 87,219 89,853 90,297 88,922 89,295

Total Federal support 44,590 43,098 41,145 42,145 42,024 42,950 45.398 47,242 49,326 51,171

Fellowships 4,204 3.790 3,659 3,765 3,790 4,025 4,246 4,086 4,211 4,866

Traineeships 6.797 6,105 5,328 4 939 4,705 4,502 4,372 4,590 4,504 4,618

Research assistantships 28,718 28,527 27,723 28,580 28,822 29,643 31,915 33,961 35,680 37,186

Teaching assistantships 542 506 345 405 271 477 -423 341 435 447

Mechanism unknown 4,329 4,170 4,090 4,456 4,436 4,303 4,442 4,264 4,496 4,054

National Science Foundation 9,278 9,149 9,255 9,494 9,813 10,143 10,795 11,202 11,590 11,844

Fellowships 1,312 1,262 1,288 1,290 1,321 1,377 1,492 1,479 1,576 1,765

Traineeships 215 143 89 61 49 50 26 66 62 83

Research assistantships 7,615 7,585 7,738 8,054 8,268 8,547 9,075 9,470 9,800 9,838

Teaching assistantships 35 61 27 25 28 43 74 26 58 68

Mechanism unknown 101 98 113 64 147 126 128 161 94 90

National Institutes of Health 10,614 10,132 9,583 9,673 9,972 10,083 10,770 11,527 12,408 13,023

Fellowships 673 546 456 469 518 509 531 557 564 554

Traineeships 4,526 4,166 3,954 3,788 3,747 3,609 3,459 3,650 3.611 3,559

Research assistantships 5,071 5,144 4,942 5,106 5,391 5,682 6,495 6,977 7,865 8,545

Teaching assistantships 72 64 32 72 38 53 67 79 106 110

Mechanism unknown 272 212 199 238 278 230 218 264 262 255

Other Health and Human Services . . 2,148 1,802 1,412 1,114 947 1,164 1,106 1,140 1,000 1,132

Fellowships 337 210 161 132 123 132 100 93 69 97

Traineeships 1,159 1,021 727 434 303 312 341 279 272 265

Research assistantships 502 502 439 477 474 610 595 713 632 745

Teaching assistantships 22 6 30 12 3 7 2 12 3 6

Mechanism unknown 128 63 55 59 44 103 68 43 24 19

Department of Defense 5,086 5,485 5,749 6,751 6,873 7,052 7.713 8,565 9,277 8,886

Fellowships 196 161 182 245 207 237 275 346 332 495

Traineeships 65 67 27 27 36 36 72 113 121 96

Research assistantships 2,927 3,287 3,448 3,904 4,051 4,152 4,608 5,559 5,974 5,778

Teaching assistantships 0 0 0 0 0 0 0 0 0 0

Mechanism unknown 1.898 1,970 2,092 2,575 2.579 2,627 2,758 2,547 2.850 2,517

Other Federal 17,464 16,530 15,146 15,113 14,419 14,508 15,014 14,808 15,051 16,286

Fellowships 1,686 1.611 1,572 1,629 1,621 1,770 1,848 1,611 1,670 1,955

Traineeships 832 708 531 629 570 495 474 482 438 615

Research assistantships 12,603 12,009 11.156 11.039 10,638 10,652 11,142 11,242 11,409 12,280

Teaching assistantships 413 375 256 296 202 374 280 224 268 263

Mechanism unknown 1.930 1,827 1.631 1,520 1,388 1,217 1,270 1,249 1,266 1,173

Non-Federal support 104,440 109,282 113.532 116.884 120,457 123,958 129,134 130,80 133,734 137,258

Fellowships 15,251 15,294 15,981 16,419 16,658 17,101 17,751 16,808 17,295 17.779

Traineeships 3.729 3.988 3,794 3,796 3,910 4.108 4,131 4,538 4,921 4,939

Research assistantships 21,422 22,787 2:1.358 24,832 27,154 29,287 31,898 33,720 36.096 38,738

Teaching assistantships 51,389 53,263 55,816 57,615 58.820 59,253 59,937 60,389 60.685 61,707

Mechanism unknown 12.649 13,950 14,583 14,222 13,915 14,209 15,417 15,393 14,737 14.095

(continued)
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Appendix table 2-22.
Full-time science and engineering graduate students, by source and mechanism of support: 1S80-89
(page 2 of 4)
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Self-support 66,324 66,708 68,167 71,592 69,749 68,707 69,994 70,640 69,689 71,146
Fellowships 0 0 0 0 0 0 0 0 0 0

Traineeships 0 0 0 0 0 0 0 0 0 0

Research assistantships 0 0 0 0 0 0 0 0 0 0

Teaching assistantships 0 0 0 0 0 0 0 0 0 0

Mechanism unknown 66,324 66,708 68,167 71,592 69,749 68,707 69,994 70,640 69,689 71,146

Total sciences

TOTAL SUPPORT 172,247 172,831 172,605 176,294 176,691 179,322 183,800 186,501 189,271 194,995
Fellowships 15,698 14,907 14,947 15,337 15,573 16,315 17,051 16,204 17,007 17,864
Traineeships 9,590 9,148 8,309 7,980 7,877 7,850 7,667 8,227 8,498 8,575
Research assistantships 36,133 36,832 36,380 37,774 39,631 40,965 43,323 45,512 4b,308 51,288
Teaching assistantships 44,529 45,480 46,955 47,961 48,528 48,958 49,236 49,605 49,924 51,014
Mechanism unknown 66,297 66,464 66,014 67,242 65,082 65,234 66,523 66,953 65,534 66,254

Total Federal support 33,399 32,124 30,050 30,160 30,434 31,683 33,019 34,111 35,2S.'5 36,918
Fellowships 3,557 3,156 2,948 2,981 2,981 3,221 3,416 3,255 3,334 3,860
Traineeships 6,387 5,788 5,061 4,673 4,492 4,286 4,165 4,333 4,288 4,379
Research assistantships 20,170 19,992 19,146 19,570 20,146 21,216 22,357 23.590 24,700 25,904
Teaching assistantships 403 406 305 365 251 383 391 317 361 373
Mechanism unknown 2,882 2,782 2,590 2,571 2,564 2,577 2,690 2,616 2,612 2,402

Nafional Science Foundation 6,867 6,781 6,682 6,813 7,116 7,456 7,665 7,722 7,782 8,068
Fellowships 1,141 1,094 1,035 1,030 1,055 1,114 1,231 1,187 1,223 1,347

Traineeships 183 132 87 60 45 37 25 58 54 63
Research assistantships 5,444 5,449 5,449 5,642 5,897 6,192 6,262 6,345 6,395 6,539
Teaching assistantships 31 31 21 22 26 31 69 24 35 52

Mechanism unknown 68 75 90 59 93 82 78 108 75 67

National Institutes of Health 10,106 9,686 9,180 9,196 9,506 9,628 10,321 11,012 11,853 12,379

Fellowships 665 539 447 453 486 477 515 540 531 523

Traineeships 4,382 4,039 3,876 3,688 3,677 3,518 3,372 3,551 3,552 3,491

Research assistantships 4,738 4,851 4,631 4,754 5,037 5,355 6,160 6,593 7,406 8,008
Teaching assistantships 70 60 32 69 36 52 66 79 106 110

Mechanism unknown 251 197 194 232 270 226 208 249 258 247

Other Health and Human Services . . 1,991 1,699 1,310 1,016 869 1,095 1,019 1,026 927 1,058

Fellowships 278 185 139 102 93 112 71 81 64 89

Traineeships 1,118 993 708 427 299 306 325 266 263 255
Research assistantships 448 459 388 421 431 567 554 630 576 689

Teaching assistantships 21 6 27 12 3 7 2 12 1 6

Mechanism unknown 126 56 48 54 43 103 67 37 23 19

Department of Defense 2,228 2,325 2,294 2,737 3,065 3,278 3,598 3,978 4,305 4,066
Fellowships 143 86 88 145 87 115 167 194 187 338
Traineeships 52 36 5 26 16 25 38 74 71 44

Research assistantships 1,241 1,384 1,366 1,579 1,905 1,983 2,085 2,518 2,868 2,618
Teaching assistantships 0 0 0 0 0 0 0 0 0 0

Mechanism unknown 792 819 835 987 1,057 1,156 1,308 1,192 1,179 1,066

Other Federal 12,207 11,633 10,584 10,398 9,878 10,226 10,416 10,373 10,428 11,347

Fellowships 1.330 1,252 1,239 1,251 1,260 1,403 1,432 1,253 1,329 1,563

Traineeships 652 588 385 472 455 400 405 384 348 526

Research assistantships 8,299 7,849 7,312 7,174 6,876 7,119 7,296 7,504 7,455 8,050

Teaching assistantsh;ps 281 309 225 262 186 293 254 202 219 205

Mechanism unknown 1,645 1,635 1,423 1.239 1,101 1,011 1,029 1,030 1,077 1,003

(continued)
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Appendix table 2-22.
Full-time science and engineering graduate students, by source and mechanism of support: 1980-89
(page 3 of 4)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Non-Federal support 85,278 87,764 90,107 92,215 94,192 95,750 98,483 99,612 101,986 104,623

Fellowships 12,141 11,751 11,999 12,356 12,592 13,094 13,635 12,949 13,673 14,004

Traineeships 3,203 3,360 3,248 3,307 3,385 3,564 3,502 3,894 4,210 4,196

Research assistantships 15,963 16,840 17,234 18,204 19,485 19,749 20,966 21,922 23,608 25,384

Teaching assistantships 44,126 45,074 46,650 47,596 48,277 48,575 48,845 49,288 49,563 50,641

Mechanism unknown 9,845 10,739 10,976 10,752 10,453 10,768 11,535 11,559 10,932 10,398

Self-support 53,570 52,943 52,448 53,919 52,065 51,889 52,298 52,778 51,990 53,454

Fellowships 0 0 0 0 0 0 0 0 0 0

Traineeships 0 0 0 0 0 0 0 0 0 0

Research assistantships 0 0 0 0 0 0 0 0 0 0

Teaching assistantships 0 0 0 0 0 0 0 0 0 0

Mechanism unknown 53.570 52,943 52,448 53,919 52,065 51,889 52,298 52,778 51,990 53,454

Total engineering

TOTAL SUPPORT 43,107 46,257 50,239 54,327 55,539 56,293 60,726 62,229 63.478 64,580

Fellowships 3,757 4,177 4,693 4,847 4,875 4,811 4,946 4,690 4,499 4,781

Traineeships 936 945 813 755 738 760 836 901 927 982

Research assistantships 14,007 14,482 14,701 15,638 16,345 17,965 20,490 22,169 23,468 24,636

Teaching assistantships 7.402 8,289 9,206 10,059 10,563 10,772 11,124 11,125 11,196 11,140

Mechanism unknown 17,005 18,364 20,826 23,028 23,018 21,985 23,330 2;,!,344 23,388 23,041

Total Federal support 11,191 10,974 11,095 11,985 11,590 11,267 12,379 13,131 14,031 14,253

Fellowships 647 634 711 784 809 804 830 831 877 1,006

Traineeships 410 317 267 266 213 216 207 257 216 239

Research assistantships 8,548 8,535 8.577 9,010 8,676 8,427 9,558 10,3?", 10,980 11,282

Teaching assistantships 139 100 40 40 20 94 32 24 74 74

Mechanism unknown 1,447 1,388 1,500 1,885 1,872 1,726 1,152 1,648 1,884 1.652

National Science Foundation 2,411 2,368 2,573 2,681 2,697 2,687 3,130 3,480 3,808 3,776

Fellowships 171 168 253 260 266 263 261 292 353 418

Traineeships 32 11 2 1 4 13 1 8 a 20

Research assistantships 2,171 2,136 2,289 2,412 2,371 2,356 2,813 3,125 3,405 3,299

Teaching assistantships 4 30 6 3 2 12 5 2 23 16

'Mechanism unknown 33 23 23 5 54 44 50 53 1,:). 23

National Institutes of Health 508 446 403 477 468 455 449 515 555 644

Fellowships a 7 9 16 32 32 18 17 :33 31

Traineeships 144 127 78 100 70 9 -I 67 90 59 68

Research assistantships 333 293 311 352 354 327 335 384 459 537

Teaching assistantships 2 4 0 3 n
e.. i 1 0 C 0

Mechanism unknown 21 15 5 6 a 4 10 15 4 8

Other Health and Human Services . . . 157 103 102 98 78 69 87 114 73 74

Fellowships 59 25 22 30 30 20 29 1 q 5 8

Traineeships 41 28 19 7 4 6 6 13 9 10

Research assistantships 54 43 51 5i 43 4?, 41 83 56 56

Teaching assistantships 1 0 3 t 0 0 0 0 2 0

Mechanism unknown 2 7 7 5 1 0 1 6 1 0

Department of Defense 2,858 3,160 :3,455 4,014 3,808 3,174 4,115 4,567 4,972 4,820

Fellowships 53 75 94 100 120 122 108 152 145 157

Traineeships 13 31 22 1 20 11 34 39 50 52

Research assistantships 1,686 1903, 2,082 2,325 2,146 2, i 69 2,523 3,041 3,106 3,160

Teaching assistantships 0 0 0 0 0 0 0 0 ,.,. 0

Mechanism unknown 1,106 1,151 1,257 1,,3138 1,522 1,472 1,450 1,355 1,71 1,451

(cot itinuai)
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(page 4 of 4)

259

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Other Federal 5,257 4,897 4,562 4,715 4,541 4,282 4,598 4,435 4,623 4,939

Fellowships 356 359 333 378 361 367 416 358 341 392

Traineeships 180 120 146 157 115 95 69 98 90 89

Research assistantships 4.304 4,160 3,844 3,865 3,762 3,533 3,846 3,738 3,954 4,230
Teaching assistantships 132 66 31 34 16 81 26 22 49 58

Mechanism unknown 285 192 208 281 287 206 241 219 189 170

Non-Federal support 19,162 21,518 23.425 24,669 26.265 28,208 30,651 31,236 31,748 32,635
Fellowships 3,110 3,543 3,982 4,063 4,066 4,007 4,116 3,859 3,622 3,775

Trainelships 526 628 546 489 525 544 629 644 7'i 1 743

Research assistantships 5,459 5,947 6,124 6,628 7,669 9,538 10,932 11,798 12,488 13,354

1 .:aching assistantships 7,263 8,189 9,166 10.019 10,543 10,678 11,092 11,101 11,122 11,066

Mechanism unknown 2,804 3,211 3,607 3,470 3,462 3,441 3,882 3,834 3,805 3,697

Self-support 12,754 13,765 15,719 17,673 17,684 16,818 17,696 17,862 17,699 17,692

Fellowships 0 0 0 0 0 0 0 0 0

Traineeships 0 0 0 0 0 0 0 0 0

Research assistantships 0 0 0 0 0 0 0 0 0 0

Teaching assistantships 0 0 0 0 0 0 0 0 0 0

Mechanism unknown 12,754 13.765 15,719 17,673 17,684 16,818 17,696 17,862 17,699 17,692

SOURCES: Science Resources Studies Division. National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering:
Fall 1990, NSF 91-320 (Washington DC: NSF, 1991), unpublished tabulations; and annual series.

See figure 2-13. Science & Engineering Indicators - 1991
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Appendix table 2-23.
Science and engineering graduate students, by field and citizenship: 1983-90

1983 1984 1985 1986 1987 1988 1989 1990

Total

Total science & engineering . . 349,547 352,027 360,722 370,487 376,632 378,274 386,047 401,569

Total sciences 257,610 258,383 263,771 267,416 271,988 274,555 281,232 292,270
Physical sciences 29,466 30,064 30,995 32,260 32,738 32,972 33,628 34,337
Mathematics 17,397 17,478 17,613 17,990 18,573 19,141 19,382 19,884
Computer sciences 23,616 25,810 29,844 31,425 32,137 32,787 32,846 34,507
Environmental sciences . . 15,544 15,612 15,545 15,163 14,522 14,032 13,848 14,159
Life sciences 58,345 58,233 57,918 58,545 59,456 59,316 60,655 62,104
Psychology 41,039 41,074 41,308 41,551 42,888 44.389 46,304 48,659
Social sciences 72,203 70,112 70,548 70,482 71,674 71,918 74,56n 78,620

Total engineering 91.937 93,644 96,951 103,071 104,644 103.719 104,815 109,299

U,S. citizens

Total science & engineering . . . 278,994 279,554 283,741 286,279 287,606 284,243 287.681 299,110

Total sciences 214,676 213,916 215,725 215,349 216,457 215,893 219 731 227,938
Physical sciences 21,805 22,017 22,054 22 232 22,110 21,860 21,820 21,826
Mathematics 12,442 12,285 12,262 12,179 12,443 12,716 12.711 13.443

Computer sciences 18,068 19,451 22,386 23,419 23,409 23.717 23,122 23,778
Environmental sciences 13,679 13,808 13,651 13,067 12,299 11,589 11,247 11,442

Life sciences 49,567 49,208 48,366 47,918 47,785 46,612 46,878 47,391

Psychology 39,605 39,685 39,811 40,047 41,346 42,726 44,652 46,819

Social sciences 59,510 57,462 57,195 56,487 57,065 56,673 59,301 63,239

Total engineering 64,318 65,638 68,016 70,930 71,149 68,350 67,950 71,172

Foreign citizens

Total science & engineering. . . 70,553 72,473 76,981 84,208 89,026 94,031 98,366 102,459

Total sciences 42,934 44,467 48,046 52,067 55,531 58,662 61,501 64,332
Physical sciences 7,661 8,047 8,941 10,028 10,628 11,112 11,808 12,511

Mathematics 4,955 5,193 5,351 5,811 6,130 6,425 6,671 6,441

Computer sciences 5,548 6,359 7,458 8,006 8,728 9,070 9,724 10,729

Environmental sciences 1.865 1,804 1,894 2,096 2,223 2,443 2,601 2,717

Life sciences 8,778 9,025 9,552 10,627 11,671 12,704 13,777 14,713

Psychology 1,434 1,389 1,497 1,504 1,542 1,663 1,652 1,840

Social sciences 12,693 12,650 13,353 13,995 14,609 15,245 15,268 15,381

Total engineering 27,619 28,006 28,935 32,141 33,495 35,369 36,865 38,127

SOURCES: Science Resources Studies Division. National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering:
Fall 1990, NSF 91320 (Washington DC; NSF, 1991), unpublished tabulafions; and annual series.

Sue figure 2-14 and figure 0-17 in Overview.
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Appendix table 2-24
Science and engineering doctoral recipients, by field and citizenship: 1980-90
(page 1 of 2)

261

1980 1981 1982 1983 1984 1985 1986 1987 1088 1989 1990

Total'

Total, all doctorates 31,020 31,357 31,111 31,282 31,337 31,297 31,895 32,364 33,490 34,319 36,027

Total science and engineering . 17,523 17,996 18,017 18,393 18,514 18,712 19,251 19,707 20,741 21,530 22,673

Total sciences 15,044 15,468 15,371 15,612 15,601 15,546 15,875 15,995 16,551 16,986 17,781

Physical sciences 2,521 2,627 2,694 2,802 2,845 2,916 3,090 3,212 3,317 3,244 3,494

Mathematics 744 728 720 701 698 688 729 740 749 859 892

Computer sciences 218 232 220 286 295 310 399 450 515 612 704

Environmental sciences 628 583 657 637 614 617 589 628 728 740 769

Life sciences 4,715 4,786 4,844 4,756 4,877 4,904 4,805 4,816 5,127 5,203 5,509

Psychology 3,098 3,358 3,159 3,347 3,257 3,117 3,124 3,169 3,064 3,203 3,267

Social sciences 3,120 3,154 3,077 3,083 3,015 2,994 3,139 2,980 3,051 3,125 3,146

Total engineering 2,479 2,528 2,646 2,781 2,913 3,166 3,376 3,712 4,190 4,544 4,892

U.S. citizens

Total, all doctorates 25,222 25,061 24,391 34,259 34,027 23,370 23,081 22,983 23,287 23,398 24,190

Total science and engineering . 13,400 13,544 13,292 13,413 13,250 12,947 12,869 12,820 12,217 13,311 13,618

Total sciences 12,145 12,374 12,123 12,250 12,011 11,668 11,486 11,262 10,436 11.447 11.691

Physical sciences 1,884 1,956 1,991 2,064 2,071 2,043 2,014 2,080 2,100 1,973 2,077

Mathematics 520 482 458 411 407 376 366 345 342 393 369

Computer sciences 156 168 143 180 178 189 202 243 284 338 343

Environmental sciences 512 472 528 483 474 442 422 425 511 529 521

Life science's 3,849 3,891 3,964 3,869 3,910 3,831 3,703 3,566 2,670 3,724 3,726

Psychology 2,849 3,111 2,876 3,044 2,935 2,805 2,766 2,747 2,667 2,684 2,790

Social sciences 2,375 2,294 2,163 2,199 2,036 1982, 2013, 1,856 1,862 1,806 1,865

Total engineering 1,255 1,170 1.169 1,163 1.239 1,279 1,383 1,558 1.781 1,864 1.927

Permanent residents

Total, all doctoratel 1,290 1,281 1,228 1,275 1,224 1,324 1,432 1,578 1,624 1,626 1,654

Total science and engineering . . 952 893 854 898 835 929 987 1,086 1,129 1,121 1,158

Total sciences 653 592 558 579 561 614 644 731 762 756 782

Physical sciences 151 147 119 120 119 135 133 147 136 146 167

Mathematics 62 43 41 46 36 42 36 51 44 35 47

Computer sciences 13 20 12 27 17 24 47 32 42 58 53

Environmental sciences . . . 26 16 29 30 25 32 24 25 31 30 23

Life sciences 186 159 140 150 149 151 165 208 263 227 241

Psychology 50 47 47 64 51 59 65 59 61 54 69

Social sciences 165 160 170 142 164 171 174 209 185 206 182

Total engineering 299 301 296 319 274 315 343 355 367 365 376

(continued)
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Science and engineering doctoral recipients, by field and citizenship: 1980-90
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Temporary residents

Total, all doctorates 3,644 3.940 4,204 4,499 4,832 5,228 5,276 4,610 6,195 6,648 7.744

Total science and engineering . 2,710 2,962 3,127 3,400 3,692 4,028 4,141 4,450 4,920 5,378 6,286

Total sciences 1,859 2,020 2097, 2.230 2,423 2,609 2,769 2,918 3,198 3,437 4,095

Physical sci9nces 426 442 506 539 564 620 7!78 798 865 888 1,021

Mathematics 139 186 192 209 232 238 272 302 305 346 413

Computer sciences 43 40 59 72 89 89 123 143 176 178 263

Environmental sciences . . 80 85 81 106 106 119 106 125 137 124 171

Life sciences 592 613 603 629 675 779 711 781 902 964 1,245

Psychology 71 80 65 79 88 81 81 85 84 106 116

Social sciences 508 574 591 596 669 683 718 684 729 831 866

Total engineering 851 942 1.030 1.170 1.269 1.419 1.372 1.532 1,722 1,941 2,191

'Includes those who did not report their citizenship status.

SOURCE: Science Resources Studies Division. National Science Foundation. unpublished tabulations from the Survey of Earned Doctorates.

See figure 2-14 and figure 0-17 in Overview. Science & Engineering Indicators - 1991



Appendix table 2-25.
Natural science and engineering bachelors degrees, by country: 1975-90

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Natural sciences

North America arid USSR
Canada 8,338 9,019 9.559 9.803 9.312 9,210 8,818 9,456 10,041 11,331 12 876 14.200 14.039 14,456 13,966 NA

United States 111,988 121,722 123.087 121.861 120,621 119,645 120,387 123,346 125,712 131,163 138,275 138.993 134.984 125,531 116,343 NA

USSR 98,800 102,171 105,738 108,981 111,521 116,700 119,200 121,000 121.200 122,800 122,400 119,228 106,400 106,700 NA NA

Europe
France 6,746 6,821 7,064 7,316 7.576 7,846 8,126 8,415 8.715 9,406 10,009 11,391 12,068 12,391 13,270 14,320

Italy 10,915 11,293 11,372 11,120 10,267 10,735 11,268 11,417 11,062 11,667 11,971 12,047 12,765 13,012 NA NA

Sweden 906 898 810 733 718 628 582 583 740 857 913 1,075 1,256 1,347 NA NA

United Kingdom 17,280 17,280 17,937 16,287 18,562 18,850 21,425 22.107 19.098 18,634 18.060 17,471 16.663 16,434 NA NA

West Germany 6,510 6.426 7,239 7,618 7,571 8,043 8,939 9,266 10,124 10,802 11,507 12,419 12,925 14,714 NA NA

Asia
China NA NA NA NA NA NA NA 76.842 40,301 35 481 36,493 39,773 42,082 NA NA NA

India 123.353 118.671 114,223 110,004 106,004 109,217 112,669 116,232 119,912 123,165 128,236 129,964 133.257 137,4' NA NA

Japan 18 984 19,977 20,689 21,625 23,871 22.736 23,358 22,771 22,381 23,423 23,626 23,805 24,655 23,972 23,547 NA

Singapore 466 490 335 347 528 573 460 577 663 726 854 945 1,012 982 1,166 1 .278

South Korea 5.657 5,791 6.175 6.699 7.279 7,922 9,006 10,448 11 394 12,486 15,068 15.235 16,626 21,547 22,550 23,195

Taiwan 3.700 4,111 3.946 4,126 4,151 4,334 4,341 4.491 4,674 4,661 4,987 5.251 5,472 5,990 NA NA

Engineering

North America and USSR
Canada 4,584 4,842 5.155 5,923 6,696 7,228 7,226 7,348 7,987 8.328 8,589 8,403 8,835 7,887 7,781 NA

United States 40 065 39.114 41,581 47,411 53,720 59.240 64,068 67,791 72,954 76.531 77,871 77,061 74,705 70.406 67,214 NA

USSR 272,100 280,400 291,400 300,100 306.800 319,800 327,000 330,300 331,500 335,400 334,900 330,700 288,300 281.100 NA NA

Europe
France 9.956 10.264 10,176 10,429 11,100 11,548 11,754 12,156 12,650 12,670 13,659 13,722 14,576 14,998 16,658 17,019

Italy 6.949 10,808 10.798 10,788 10,777 10,767 10.757 10,663 10,570 10,477 10.386 10,295 10,794 11.318 11,867 NA

Si.iveden . 1.724 1,796 1.745 1,695 1,713 1,766 1,821 1,878 1,891 2,113 1,947 2,086 2,455 2,346 NA NA

TJ1 ,triri Kingdom 10.087 10,087 10,930 11,937 12.575 13,248 12,299 11.696 10.600 10.577 10.438 10,300 9,618 9.932 NA NA

West Germany 3,810 4,242 4.499 5,105 5,120 5,449 5,639 6,023 6,469 6,826 6,734 7,216 7.246 8,675 9,579 NA

Asia
NA NA NA NA NA NA NA 145.263 89,726 77,388 63,132 72,703 92.994 NA NA NA

India 14.607 15.217 15.852 16.514 17,236 17,921 18.669 19,448 20.260 20,707 21,088 24,096 27,057 28,500 NA NA

66,512 68.126 70,431 72,466 75,409 74.737 76,370 74,774 70,824 71,640 72,560 74.516 77,077 77.503 77,009 NA

Suippow 236 241 290 240 272 288 323 349 585 585 769 924 907 1.452 1,129 1,347

South Korea 7.155 7.272 7.858 8.919 10,124 11.492 13.044 14,806 20,636 22,190 23,539 27,612 27,600 26,891 28,141 28.071

1 aiwon 5.0G0 5.142 5.258 5.559 6.315 6.463 7,299 7,309 7, 32'1 7,330 7.703 7,730 7.508 7,994 NA NA

NA tr,-t iiv;tilah!e

AMU' Sceni:e Fiesuurros Studws Up/non, National Science Foundation, unpublished tabulations. See chapter 2 References for country sources.

SW? figures 2-15. 2-16. ;Ind 7-17 aod text table 22

2
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Appendix table 2-26.
Natural science and engineering degrees as a percentage of 22-year-olds, by country: 1975-90

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1995 1986 1987 1988 1989 1990

Percent
Western countries and USSR

France 1.97 2.02 2.03 2.09 2.21 2.40 2.46 2.42 2.46 2.58 2.75 2.93 3.12 3.21 NA NA
Italy 2.34 2.38 2.34 2.27 2.13 2.15 2.15 2.08 1.96 2 '7 2.13 2.19 2.47 2.51 NA NA
United Kingdom NA 3.48 3.62 3 75 3.82 3.89 3.97 3.87 3.31 3. it 3.00 2.96 2.83 2.87 NA NA
United States 4.05 3.88 3.75 3.65 3.55 4.14 4.29 4.46 4.65 4.88 5.10 5.22 5.19 4.97 4.60 NA
USSR 8.35 8.44 8.59 8.67 8.69 8.89 9.16 9.34 9.45 9.65 9.71 9.81 8.84 8.93 NA NA
West Germany 1.23 1.24 1.34 1.32 1 38 1.53 1.58 1.44 1.54 1.57 1 62 1.76 1.82 2.13 NA NA

Asia
China NA NA NA NA NA NA NA 1.18 0.66 0.55 0.46 0.50 0.58 0.56 NA NA
India 1.29 1.21 1.14 1.08 1.02 1.02 1.03 1.04 1.05 1.05 1.06 1.07 1.08 1.09 NA NA
Japan 4.67 4.96 5.28 5.61 6.10 6.16 6.26 6.08 5.77 5.85 5.88 5.90 6.00 5.88 5.72 NA
Singapore 1.40 1.41 1.17 1.06 1.40 1.45 1.33 1.58 2 15 2.27 2.83 3.40 3.63 4.79 4.70 NA
South Korea 2.07 2.00 2.03 2.13 2.24 2.37 2.66 3.03 3.80 4.08 4.51 '' 00 5.17 5.66 5,92 5.99
Taiwan NA 2.59 2.53 2.61 2.76 2.75 3.01 2.99 3.01 2.99 3.18 3.26 3.32 3.61 NA NA

NA not available

SOURCE Science Resources Studies Division. National Science Foundation, unpublished tabulations.

See figure 218. Science & Engineering Indicators 1991
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Appendix table 2-27.
Population of 20- to 24-year-olds, by country: 1975-2010

1975 1980 1985 1990 1995 2000 2005 2010

Western countries and USSR
France 4,247 4,228 4,296 4,247 4.202 3,696 3,780 3.860

Italy . - 3,819 4,042 4,617 4,726 4,415 3,704 3,050 3,062

United Kingdom 3,891 4,125 4,747 4,493 3,882 3,396 3,606 3,776

United States 19,527 21,584 21.208 18.788 17,292 17,010 18.188 18,396

USSR 22,199 24,553 23,555 20,583 21,431 23,051 25,017 25.277

West Germany 5,550 5,986 6,598 6,306 4,606 3,951 4,146 4,203

Asia
China 90,236 86,505 107.785 128,692 124,198 96,821 92.344 108,403

India 53,509 62,367 70,207 78,284 86,970 91.549 105,460 114,409

Japan 9.155 7,906 8,184 8,942 10,009 8,503 7,432 6,919

Singapore 296 296 287 234 223 193 209 215

South Korea 3,089 4,103 4,281 4,281 4,374 4.563 3,999 3,740

Taiwan 1,710 1,895 2,002 1,906 1 806 2,029 1,861 1.524

SOURCES: UNESCO. Statistical Yearbooks tor appropriate years; and unpublished tabulations.
Science & Engineering Indicators - 1991



Appendix table 2-28.
Natural science and engineering bachelors degrees as a percentage of total degrees, by country: 1975-90

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Natural sciences

North America and USSR
Percent

Canada NA 10 10 10 9 9 9 9 10 10 11 12 12 12 11 NA
United S s 13 13 13 13 13 13 13 13 13 13 14 14 13 12 11 NA
USSR 14 14 14 14 14 14 14 14 14 14 14 14 14 14 NA NA

Europe
France 19 18 17 17 16 15 15 14 14 14 14 16 16 16 NA NA
Italy 16 18 18 18 18 19 19 19 18 18 18 18 18 18 17 NA
Sweden 7 5 5 5 5 4 3 3 4 4 5 7 8 8 NA NA
United Kingdom NA NA NA NA 15 15 17 17 14 13 12 12 11 10 NA NA
West Germany 19 18 19 19 18 17 19 18 18 19 19 19 19 20 21 NA

Asia
China NA NA NA NA NA NA NA 18 13 14 14 14 13 12 NA NA
India NA 25 24 22 24 25 30 29 28 27 27 26 26 26 NA NA
Japan 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 NA
Singapore NA 20 21 15 15 19 22 21 24 23 20 20 20 20 20 21

South Korea NA 17 17 16 16 16 16 17 15 14 13 11 11 13 14 14

1 aiwan NA NA 14 13 13 13 13 13 14 14 13 14 14 14 15 NA
_

Engineering

North America and USSR
Canada NA 5 5 6 7 7 7 7 8 8 8 7 7 6 6 NA
United States 4 4 4 5 6 6 7 7 7 8 8 8 7 7 7 NA
USSR 38 37 38 38 38 39 39 39 39 39 39 39 38 36 NA NA

Europe
France 28 27 25 24 23 23 21 21 20 19 19 19 19 19 NA NA
Italy 10 16 15 15 15 15 15 15 15 15 14 14 14 14 14 NA
Sweden 13 10 11 11 11 11 10 10 10 10 11 13 15 14 NA NA
United Kingdom NA NA NA NA 10 11 10 9 8 7 7 7 6 6 NA NA
West Gerniany 11 12 12 13 12 12 12 12 12 12 11 11 10 12 12 NA

Asia
China NA NA NA NA \IA NA NA 35 30 31 25 24 27 26 NA NA
India NA 3 3 3 3 3 4 4 4 4 3 4 4 4 NA NA
Japan 21 21 21 20 20 20 20 20 19 19 19 20 20 20 20 NA 0,
Singapore . 10 12 14 12 12 13 18 18 25 19 21 22 21 31 22 NA
South Korea NA 21 21 22 22 23 23 24 27 24 20 20 18 17 17 17
1 aiwan . NA 18 18 18 20 19 23 22 22 21 22 21 19 21 NA , NA

1§
N.A nut available

SUURCE Science Resources Studies Division, National Science Foundation, unpublished tabulations.

a.
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Appendix table 3-1.
Total and scientist and engineer employment, by industry: 1980, 1983, 1986, and 1989
(page 1 of 4)

Number of Jobs

Industry 1980 1983 1986 1989

Thousands
TOTAL PRIVATE

All occupations 66,160 65,556 73,279 79,501

All scientists and engineers 1,366 1,523 1,702 1,917

Scientists 374 425 498 568
Life 19 26 29 34

Mathematical 45 59 66 79

Physical 108 110 113 112

Social 26 29 25 25

Computer specialists 175 201 264 318
Engineers 992 1,098 1,204 1,349

Aeronautical/astronautical 27 33 59 57

Chemical 45 47 42 41

Civil 79 104 94 103

Electrical/electronic 273 319 377 436

Industrial 133 103 120 124

Mechanical 198 199 196 208

Other' 237 294 317 381

MANUFACTURING

All occupations 20,286 18,434 18,964 19,442

All scientists and engineers 745 814 927 993
Scientists 140 144 175 193

Life 11 15 18 23

Mathematical 13 12 14 12

Physical 64 57 57 55

Social 1 1 1 1

Computer speciahsts 52 59 85 103

Engineers 605 670 753 804
Aeronautical/astronautical 23 29 52 49

Chemical -,3 36 34 31

Civil 7 8 8 8

Electrical/electronic 159 206 234 256
Industrial 123 89 104 104

Mechanical 126 135 135 143

Other' 135 167 185 213

NONMANUFACTURING

All occupations 45,874 47,122 54,315 60,059

All scientists and engineers 621 709 775 920

Scientists 234 281 323 375

Life 8 11 12 11

Mathematical 33 47 53 67

Physical 44 53 56 57

Social 25 28 24 24

Computer specialists 124 142 179 216

Engineers 387 428 452 545

Aeronautical/astronautical 4 4 6 8

Chemical 12 11 8 9

Civil 73 95 86 94

Electrical/electronic 113 113 144 180

Industrial 10 14 15 20

Mechanical 72 64 61 65

Other 102 127 131 168

(continued)
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Appendix table 3-1.
Total and scientist and engineer employment, by industry: 1980, 1983, 1986, and 1989
(page 2 of 4)

Number of jobs

Industry 1980 1983 1986 1989

Thousands-
Mining

All occupations 1,027 952 777 693

All scientists and engineers 55 65 56 47

Scientists 26 30 26 21

Life 0 0 0 0

Mathematical 0 0 0 0

Physical 21 25 22 18

Social 0 0 0 0

Computer specialists 4 5 4 3

Engineers 29 35 30 26

Aeronautical/astronautical 0 0 0 0

Chemical 1 1 1 1

Civil 1 2 1 1

Electrical/electronic 2 1 1 1

Industrial 0 0 0 0

Mechanical 1 3 2 2

Other' 24 28 25 21

Construction

All occupations . 4,346 3,948 4,816 5,187

All scientists and engineers 53 48 32 22

Scientists 1 1 1 1

Life 0 0 0 0

Mathematical 0 0 0 0

Physical 0 0 0 0

Social 0 0 0 0

Computer specialists 1 1 1 1

Engineers 52 47 31 21

Aeronautical/astronautical 0 0 0 0

Chemical 0 0 0 0

Civil 18 19 10 7

Electrical/electronic 7 6 5 3

Industrial 0 1 1 1

Mechanical 10 7 5 4

Other' 17 13 10 6

Communications/transportation/utilities

All occupations 5,146 4,954 5,255 5,644

All scientists am gngineers 95 114 110 113

Scientists 13 32 32 32

Life 0 0 1 0

Mathematical 1 4 2 2

Physical 0 0 2 2

Social 0 1 2 0

Computer specialists 11 16 19 26

Engineers 82 81 78 81

Aeronautical/astronautical 1 1 1 1

Chemical 1 1 1 1

Civil 5 7 8 7

Electrical/electronic 43 40 38 39

Industrial 4 6 5 8

Mechanical 7 6 6 5

Other 20 21 20 20

(continued)
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Appendix table 3-1.
Total and scientist and engineer employment, by industry: 1080, 1983, 1986, and 1989
(page 3 of 4)

Industry

Number of jobs

1980 1983 1986 1989

Trade
Thousands

All occupations 20,310 20,880 23,683 25,769

All scientists and engineers 66 66 72 97
Scientists 26 30 27 21

Life 0 1 1 0
Mathematical 0 2 0 0
Physical 1 2 2 0
Social 0 0 0 0
Computer specialists 25 26 24 21

Engineers 40 36 45 76
Aeronautical/astronautical 0 0 0 0
Chemical 3 0 0 0
Civil 0 0 0 0
Electrical/electronic 16 11 16 21

Industrial 0 0 0 0
Mechanical 18 9 7 6
Other' 3 15 23 49

Financial services

All occupations 5,160 5,468 6,283 6,695

All scientists and engineers 52 73 95 134
Scientists 46 64 86 116

Life 0 0 0 0
Mathemafical 16 23 27 38
Physical 0 0 0 0
Social 2 7 6 7
Computer specialists 28 33 52 71

Engineers 5 8 10 19

Aeronautical/astronautical 0 0 0 0
Chemical 0 0 0 0
Civil 0 0 0 0
Electrical/electronic 0 0 0 0
Industrial 0 0 0 0
Mechanical 0 0 0 0
Other' 5 8 10 19

Business and related services

All occupations 9,885 10,920 13,501 16,071

All scientists and engineers 301 356 416 508

Scientists 122 134 159 185
Life 7 9 10 11

Mathematical 15 18 24 28
Physical 22 26 30 37
Social 23 20 16 17

Computer specialists 54 61 80 93

Engineers 179 222 257 323
Aeronautical/astronautical 3 3 6 7

Chemical 9 8 6 7

Civil 49 68 67 80
Electrical/electronic 46 55 84 116
Industrial 5 6 10 12

Mechanical 35 39 40 48
Other' 32 42 45 53

(continued)
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Appendix table 3-1.
Total and scientist and engineer employment, by industry: 1980, 1983, 1986, and 1989
(page 4 of 4)

NOTES: Details may not sum to totals because of rounding. The Standard Industrial Classification numvers are:

Manufacturing 2039

Nonmanufacturing

Mining 10-14

Construction 15-17

Communications/transportation/utilities 40-49

Trade 50-59

Financial services 60-67

Business and related services 70-79.81,83,87

'The "other" engineering category includes a number of smaller fields that are combined in the interest of space. None of
these fields individually accounts for more than about 5 percent of the total engineering jobs.

SOURCES: Science Resources Studies Division. National Science Foundation, unpublished tabulations; and Bureau of
Labor Statistics, unpublished tabulations from the Occupation Employment Statistics Survey.

See figures 3-1, 3-2, 3-3, 3-4, and 3-5, and figures 0-8, 0-9. and 0-10 in Overview. Science & Engineering indicators 1991



Appendix table 3-2.
Scientists and engineers employed in R&D in manufacturing industries: 1989

Scientists in R&D Engineers in R&D

Total Life Math Physical
Computer
specialists Total

Aeronautical/
astronautical Chemical Civil

Electrical'
electronic Industrial Mechanical Other

Thousands

Total manufacturing 37.8 11 5 0.6 21.3 4.4 77.7 5.6 6.5 0.1 32.6 1.7 9.4 21.8

Transportation equipment 2.0 0 0.3 0 1.7 19.7 5.6 0.2 0 0.5 0.5 1.3 11.6

Machinery, except electrical 0.5 0 0 0 0.5 16.4 0 0 0 10.7 0.3 2.7 2.7

Electrical/electronic equipment . . . . 0.6 0 0 0.3 0.3 13.8 0 0.2 0 11.1 0.1 1.1 1.3

Instruments and related products. . . 2.0 0.6 0 0.6 0.7 12.9 0 0.3 0 9.6 0.3 1.0 1.7

Chemicals and allied products 27.8 10.5 0.2 16.2 0.9 7.0 0 4.1 0 0.3 0.2 0.6 1.8

Other 4.9 0.4 0.1 4.2 0.3 7.9 0 1.7 0.1 0.4 0.3 1.9 3.5

SOURCES. Science Resources Studies Dwision. National Science Founciation. Total and R&D Scientists, Engineers, and Technicians inManufacturing Industries: 1989 (Washington. DC:NSF).

See t igure 3-6. Science & Engineering Indicators - 1991
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Appendix table 3-3.
Number of 1988 and 1989 science and engineerl% hacholors degree recipients, by field of degree
and graduate school status: 1990

Field of degree Total
Full-tirne
student

Graduate school status

Part-time
student Non-student Other

No
report

Total science and engineering 643,200 127,100 68,800 439,200 7,400 800

Total sciences 494,500 110,000 50,800 327,000 6,200 500

Physical 29,400 11,600 2,600 15,100 100

Mathematics 35,200 6,500 3,900 24,300 500

Computer 69,300 4.100 6,600 57,900 400 300

Environmental 7,300 2,200 700 4,400

Life 111,200 35,600 10,400 64,100 1,000

Psychology 85,700 17,900 12,000 54,300 1,200 200

Social 156,400 32,000 14.500 106,900 3,000

Total engineering 148,700 17,100 18,000 112,200 1,200 300

Aeronautical/astronautical 6,700 300 700 5,200 .

Chemical 7,700 1,100 700 5,700 .

Civil 15,200 1.500 1,200 12,300 100

Electrical/electronic 55,500 5,900 8.100 40,800 600 200

Industrial 12,300 600 1,700 9,900 100

Materials 1,800 400 100 1,200

Mechanical 30,000 3,200 3,100 23,300 300 100

Mining 1,100 300 ' 800
.

Nuclear 900 200 200 500

Petroleum 1,200 200 100 900

Other 16,500 2,800 2,000 11,600 100 100

= too few cases to report

NOTE: Details may not sum to totals because of rounding.

SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and EngineeringGraduates: 1990 (Washington, DC:

NSF, forthcoming).

See figure 3-8. Science & Engineering Indicators - 1991
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Appendix table 3-4.
Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree and graduate school
status: 1990

Field of deg, se Total

Graduate school status

No

report
Full-time
student

Part-time
student Non-student Other

Total science and engineering, 136,600 31,100 10,300 94,40G 800 100

Total sciences
Physical

93,700
9,200

23,600
3,800

6,700
500

63,100
4,700

300
100

100

Mathematics/statistics 10,600 1,900 800 7,800 ' '
Computer 22,200 2,100 1,500 18,500 '
Environmental 5,200 1,100 300 3,800 100 '
Life 19,300 6,800 1,200 11,200 100 '
Psychology 7,300 2,500 800 3,900 '
Social 19,900 5,200 1,500 13,100 100

Total engineering 42,900 7,500 3,600 31,300 500
Aeronautical/astronautical 1,800 400 100 1,300 ' '
Chemical 2,100 600 100 1,400 '
Civil 4,700 500 300 3,900 100

Electrical/electronic 13,800 2,600 1,700 9,100 300 '
Industrial 2,600 200 100 2200, '
Materials 1,700 600 100 1,000 '
Mechanical 8,000 1200, 800 6,000 '
Mining 500 100 ' 400 '
Nuclear 500 200 200 '
Petroleum 400 100 300

Other 6,700 900 4004 5,400 '

' = too few cases to report

NOTE: Details may not sum to totals because of rounding.

SOURCE: Scienco Resources Studies Division. National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington. DC:
NSF, forthcoming).

See figure 3-8. Science & Engineering Indicators - 1991
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Appendix table 3-5.
Median annual salaries of 1988 and 1989 science and engineering (S&E) bachelors degree recipients, by field of degree,
gender, and race/ethnicity: 1990

Field of degree Total Male Female White Black Asian
Native

American Hispanic'

Total science and engineering $26,000 $29,500 $21,600 $26,100 $24,000 $30,000 $21,900 $25,100

Total sciences 23,000 25,100 20,100 23,000 22,200 27,900 21,100
Physical 25,100 26,500 24,900 25,000 ' 24,000
Mathematics/statistics 23,600 24,000 23,000 24,000 '
Computer 30,100 30,600 30,000 30,100 28,000 33,200 30,000
Environmental 23,700 24,000 22,900 23,600 '
Life 21,000 23,000 19,600 21,000 20,100
Psychology 18,600 21,300 18,000 18,600 '
Social 21,900 23,900 20,1C3 21,500 21,900

Total engineering 33,000 33,000 33,800 33,300 32,500 32,800 . 32,200
Aeronautical/astronautical 34,800 34,400 34,900 . . . .

Chemical 35,100 35,100 35,100 35,200 . . .

Civil 30,100 30,100 31,100 30,000 . 33,600 . 32,900
Electrical/electronic 34,000 34,000 33,900 34,300 32,900 33,300 .

Industrial 31,100 30,600 32,700 31,500 27,000 . . 28,000
Materials 33,200 33,800 31,600 32,900 . . .

Mechanical 34,000 33,800 35,000 34,000 . . .

Mining 30,100 31,000 31,000 . . .

Nuclear 33,300 34,000 31,600 33,000 . . .

Petroleum 36,600 36,500 38,700 36,600 . . .

Other 30,000 30,000 30,100 30,100 ' . .

= no median was computed for groups wilh fewer than 20 individuals reporting salary

NOTES: Median salaries were computed only for full-time employed civilians. Data exclude full-time graduate students.

'Includes members of all racial groups.

SOURCE Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington. DC:
NSF, forthcoming).

See text table 3-1.
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Appendix table 3-6.
Median annual salaries of 1988 and 1989 science and engineering (S&E) masters degree recipients, by field of degree,
gender, and race/ethnicity: 1990

Field of degree Total Male Female White Black Asian
Native

American Hispanic'

Total science and engineering. . $37,000 $39,000 $32,800 $37,500 $35,000 $35,900 $36,100

Total sciences 33,800 35,400 31,200 34,000 30,100 33.000 * 29,000
Physical 34,900 36,000 31,100 35,900 32,100
Mathematics/statistics 32,800 35,000 30,000 32,800 ' ' '
Computer 42,100 42,900 40,100 43,900 36,000
Environmental 33,800 35,000 31,800 34,300 ' '
Life 26,900 26,900 26,600 26,900 ' '
Psychology 32,000 36,900 32,000 32,100 ' '
Social 31,000 30,000 31,200 31,100 '

Total engineering 41,400 42,000 40,100 42,100 41,900 39,100 40,100
Aeronautical/astronautical 46,500 46,500 46,5u0
Chemical 40,200 40,600 38,100 41,000 ' 39,100
Civil 35,200 35,200 35,600 35,900 ' 30,800
Electrical/electronic 46,500 46,700 ' 47,900 ' 41,000
Industrial 40,300 40,200 40,400 42,000 ' *

Materials 41,300 40,400 42,200 41,400 ' 40,100
Mechanical 42,100 42,100 ' 42,100
Mining 37,300 37,500 37,300 '
Nuclear 40,200 40,100 40,400 '
Petroleum 40,800 41.100 40,900
Other 39,000 39,900 37,000 39,000 40,000

2: no median was computed for groups with fewer than 20 individuals reporting salary

NOTES: Median salaries were computed only for fulltime employed civilians. Data exclude full-time graduate students.

'Includes members of all racial groups.

SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineerug Graduates: 1990 (Washington, DC:
NSF. forthcoming).

See text table 3-1. Science & Engineering Indicators - 1991
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Appendix table 3-7.
Selected employment characteristics of 1988 and 1989 science and engineering bachelors and masters degree recipi-
ents, by field of degree and gender: 1990
(page 1 of 2)

Labor force
participation rate

Unemplognent
rate

In-field employment
rate

S&E employment
rate

Field of degree and gender Bachelors Masters Bachelors Masters Bachelors Masters Bachelors Masters

TOTAL SCIENCE
AND ENGINEERING 97.4 97.1 3.4 1.8 37.8 59.0 62.0 89.3

Male . 98.2 98.5 3.5 1.5 42.7 57.6 NA NA

Female 96.1 93.9 3...J 2.7 29.9 62.4 NA NA

Total sciences 96.9 96.9 3.7 1.9 33.2 59.6 52.5 85.2

Male 97.7 98.8 4.0 1.5 38.0 57.1 NA NA

Female 95.9 94.0 3.4 2.6 27.7 63.7 NA NA

Physical 97.0 97.9 5.0 2.1 35.6 43.4 84.8 94.8

Male 97.3 98.5 6.0 21 33.9 41.7 NA NA

Female 96.5 2.8 ' 39.1 NA NA

Mathematics/statistics 96.7 98.1 4.1 1.1 39.6 57.4 74.0 87.8

Male 98.7 99.6 3.1 1.5 31.7 53.3 NA NA

Female 94.8 95.9 5.2 0.5 47.9 63.1 NA NA

Computer 98.3 98.2 2.5 1.5 81.5 77.2 87.9 91.8

Male 98.9 99.3 2.4 0.8 79.7 73.0 NA NA

Female 96.7 95.3 2.6 32 86,5 88.8 NA NA

Environmental 97,2 99 8 4.8 2.7 56.1 69.4 84.6 100.0

Male 97,2 997 4.5 .2.7 57.3 71.5 NA NA

Female . ' ' ' ' ' NA NA

Life 96.0 96.5 4.6 2.1 38.4 59.0 64.8 90.4

Male 97.8 98.0 4.3 2.1 40.4 52.5 NA NA

Female 94,3 95.0 4.8 2.1 36.5 65.9 NA NA

Psychology 96.1 97.6 2.9 3.6 9.9 48.1 29.5 71.9

Male 97.4 100.0 6.9 2.5 9.4 41.0 NA NA

Female 95,5 96.3 1.0 4.2 10 1 52.3 NA NA

Social 97.1 93.4 4.0 2.1 14.1 43.5 28.0 68.0

Male 96.9 97.5 3.8 1.2 16.6 38.9 NA NA

Female 97 4 88,5 4.2 3.3 11.2 49.5 NA NA

Total engineering 98.9 97.5 2.7 1.7 50.7 57.8 90.8 98.2

Male 99.0 98.1 2.8 1.5 50.9 58.2 NA NA

Female 98.0 93.1 2.1 3.2 49.8 54.5 NA NA

Aeronautical/astronautical. 100.0 2.5 48.9 * 82.3 93.8

Male 100.0 ' 2.7 46.7 ' NA NA

Female ' ' NA NA

Chemical 95.1 2.8 49.6 ' 98.5 NA

Male 93.2 4.0 51.8 ' NA NA

Female 99.2 0.2 45.2 NA NA

Civil. 98.6 98.1 2.0 1.4 71.1 69.1 92.9 NA

Male 99.3 98.9 2.1 1.6 71.1 70.8 NA NA

Female 94,8 0.9 71.3 NA NA

Electrical/electronic 99.3 95.8 2.6 1.5 53.3 57.7 92.0 NA

Male 99.4 96.9 2.6 0.8 53.8 58.6 NA NA

Female 98.7 3.2 49.5 NA NA

(continued)
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Appendix table 3-7.
Selected employment chatacteristics of 1988 and 1989 science and engineering bachelors and masters degree recipi-
ents, by field of degree and gender: 1990
(page 2 of 2)

Labor force Unemployment In-field employment S&E employment
participation rate rate rate rate

Field of degree and gender Bachelors Masters Bachelors Masters Bachelors Masters Bachelors Masters

Industrial 98.9 99.1 4.5 5.9 42.2 26.5 85.2 79.2
Male 99.4 99.0 5.3 6.3 41.9 27.1 NA NA

Female 96.9 ° 1.5 435 NA NA

Materials . NA NA

Male NA NA

Female * ' NA NA

Mechanical 98.7 99.5 3.0 0.8 44.3 60.4 91.5 94.7

Male 98.9 99.7 2.8 0.8 43.3 61.1 NA NA

Female 97.1 4.4 52.2 NA

Mining NA NA

Male NA NA

Female NA NA

Nuclear NA NA

Male NA NA

Female NA NA

Petroleum ' NA NA

Male NA NA

Female NA NA

Other 99.0 97.4 1.4 1.6 38.6 53.5 84.1 98.3

Male 98.9 97.4 1.6 1.6 38.6 48.7 NA NA

Female 99.4 0.6 38.7 NA NA

= no rate was computed for groups with fewer than 1,500 individuals in labor force: NA = not available

NOTE: Data exclude full-time graduate students.

SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Sc!ence and Engineering Graduates: 1990 (Washington, DC:
NSF, forthcoming).

See figure 3-8 and text table 3-2. Science & Engineering Indicators - 1991



Appendix table 3-8.
Number of 1988 and 1989 science and engineering bachelors degree recipients, by field of degree and primary work activity: 1990

Field of degree

Total

employed

Primary work activity

No report

Research and development Management/administration Reporting/
Prod./ stat. work/

Teaching inspection computing Sales

Professional
services OtherTotal

Basic
research

Applied
research Devlopment Total Of R&D

Of

non-R&D

Total science and engineering 485,400 89,200 9,300 19,100 60,800 70,700 11,500 59,200 47,500 68,200 73,700 46,400 8.100 77,600 4,200

Total sciences 358,800 45,500 8,500 15,200 21,800 56,000 8,400 47,700 45,300 37,100 61,700 41.70 7,900 60,300 3,300

Physical 16.400 4,800 900 1,700 2,300 1,600 200 1,500 2,000 3,100 1,40 1.100 100 2,200 100

Maematics/statistics 26,600 2.000 300 500 1,200 2,300 500 1,800 7,700 2,000 6.600 2.200 3.600 100

Computer 62.500 13,500 200 800 12,500 4,700 800 3,900 1,300 5,000 28,700 1,300 200 7,100 600

Environmental 4,700 700 200 500 400 400 300 1,100 500 200 1,400

Life 69,300 15,000 5,500 6.300 3,300 9,200 1,600 7,700 8,100 13.400 3,300 5,600 2,300 11,300 1,000

Psychology 63,300 3,600 1,00C 1.900 800 11,500 1,200 10,200 12,900 3,800 5,300 8,100 3,600 13.900 600

Social 116,000 5,900 500 3,600 1.600 26,300 4,000 22,200 12,900 8,700 15,900 23,100 1,600 20,700 900

Total engineering 126.700 43,700 800 3,900 39.000 14,600 3,100 11.500 2,200 31 000 12,000 4,700 200 17.300 900

Aeronautical/astronautical 5.800 2.100 100 300 1,800 500 100 400 300 1,100 300 100 1,500

Civil 13,200 2,500 200 2,300 2,200 100 2,100 100 3.300 1.000 200 3,600 300

Dectrical/electronic 47.900 18.900 200 1,700 17,000 5,300 1,700 3,500 500 11,200 5,700 1,700 4,200 400

Industrial 11.100 1.800 200 1,600 1,900 300 1.500 100 3,500 1,400 700 100 1,400 100

Mechanical 25,600 11,100 100 700 10,300 2.000 100 1.900 600 6,100 1.500 1,100 3.100

Other 23.100 7.300 300 800 6.000 2,700 800 2,100 600 5,800 2,100 900 3,500

too few cases to report

NOTES Details may not sum to totals because of rounding. Data exclude full-time graduate students.

SOURCE Science Resources Studies Division. National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington, DC: NSF, forthcoming).

See figure 3-10.
Science & Engineering Indicators 1991



Appendix table 3-9.
?Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree and primary work activity: 1990

Field of degree

Total
employed

Primary work activity

No report

Research and development Management/administration Reporting/
Prod./ stat. work/

Teaching inspection computing Sales
Professional

services OtherTotal

Basic
research

Applied
research Devlopment Total Of R&D

Of
non.R&D

Total science and engineering 100,600 34.000 3.100 8,000 22,800 15,100 5,000 10,100 12,200 7,600 16,100 2,200 1,300 11,900 200

Total sciences 66.700 16.400 2 600 5,400 8,500 10,800 3,000 7,800 11,400 3,900 13,200 1,700 1.200 8,000 100

Physical 5,200 2,200 500 800 900 300 100 200 1.200 600 400 400

Mathernalicsistatistics 8.400 1,300 100 500 700 1,000 300 700 3,400 400 1.700 500

Computer 19,400 6.000 100 700 5,200 3,300 1,500 1,800 800 800 6,900 300 1.300

Environmental 4.000 1,100 200 600 300 500 100 300 200 600 600 1.000

Life 11.800 3,800 1,200 1,800 900 1,600 600 1,100 2.400 900 900 500 300 1,200

Psychology 4,500 400 100 300 900 100 800 1.200 100 400 800 800

Social 13,400 1.500 300 1,000 200 3,200 300 2,900 2,100 500 2,200 800 3,000

Total engineering 33.900 17,600 600 2.700 14,300 4,300 2,000 2,300 900 3,800 2,900 600 3,900 100

Aeronautical 'astronautical 1.400 900 300 600 200 100 100 100 100

Civil .. 4,100 1.200 200 1,000 600 100 500 100 500 400 100 1.300

Electrical electronic . 10.500 6,600 200 600 5,800 1,000 800 200 300 1,100 1,000 200 400

Industrial .... . 2.200 500 100 300 500 100 400 500 200 100 400

Mechanical 6.700 4.500 100 500 3.900 600 400 300 200 600 400 300

Other 9,000 3.900 200 1,000 2.700 1,400 500 800 200 1.000 800 100 1.300

too few cases to report

NOTE S Details May not slim to totals because of rounding. Data exclude full-Iime graduate students.

f-;OURCE Science Resources Studies Division, National Science Foundation. Characteristics of Recent Science and Engineering Graduates: 1990 (Washington, DC NSF, forthcoming),

s figure 3-10 Science & Engineering Indicators 1991
ee .



Appendix table 3-10.
Number of 1988 and 1989 science and engineering bachelors degree recipients, by field of degree, gender, and type of employer: 1990
(page 1 of 3)

Field of degree and gender
Total

employed

Type of employer

No

report

Business and industry Educational institution

Non-
profit
org.

Federal
Gov't

State/
local
gov't OtherTotal Industry

Self-
employed Total

4-year
college/

univ. Other

TOTAL SCIENCE & ENGINEERING 485,400 313,000 301,600 11,300 47,300 15,800 31,600 24,400 20,300 26,900 51,400 2,100

Male 299,000 213,200 203,700 9,500 20,400 8,000 12,400 6,700 12,900 15,800 28,800 1,300

Female 186,400 99,800 98,000 1,900 26,900 7,700 19,200 17,700 7,400 11,100 22,600 800

Total sciences 358.800 214,000 204.500 9,600 44,800 14,100 30,700 23,300 12,400 21.100 41,400 1,700

Male 191,100 128.800 121.000 7,800 18,300 6,700 11,600 5,800 6,400 11,000 19,900 900

Female 167,700 85,200 83,500 1,700 26,500 7.300 19,100 17,400 6,000 10,100 21,500 800

Physical 16.400 10,100 10,000 100 3,100 800 2200, 400 500 600 1,700 100

Male
Female

11,100
5,300

6,700
3,400

6,600
3,400

100 2000,

1,100
700
200

1,300
900

300
100

300
200

400
200

1,400
300

100
'

Mathematics/statistics 26,600 14,400 14,200 200 7,900 1,100 6,800 800 700 500 2,300 100

Male 13,700 8,100 7.900 100 3200, 800 2,400 300 300 300 1,500 '
Female 12,900 6,300 6,300 4,700 300 4,400 600 400 100 800 100

Computer 62,500 50,700 49,700 1,000 3,900 2.500 1,400 700 1.600 1.700 :; 300 600

Male 45,800 37,700 36,700 1,000 2.300 1.500 800 500 1,000 1,100 2,700 600

Female 16,700 13,100 13,000 ' 1,600 1,000 700 200 600 600 700 '

Environmental 4,700 3,000 2,900 100 300 200 100 300 300 800

Male 3,400 2.100 2,100 200 200 200 200 700

Fema 1,300 900 800 100 100 100 100 100

Lite 69,300 34,600 31.800 2,800 11,400 3,900 7.500 3,500 2.600 4,700 12,100 300

Male 34,500 19,400 17.200 2,200 5,200 1,900 3,300 1,300 1,500 2200, 5,000

Female 34.700 15.300 14,700 600 6200, 2000, 4,200 2,200 1.200 2,500 7,100 200

Psychology 63.300 28,800 27,600 1,200 7200, 1,900 5,300 11,900 1.200 5,100 8,900 200

Male 19,200 12,100 11.200 800 900 200 700 2200, 200 1,400 2,500

Female 44,000 16,700 16,400 400 6,300 1,700 4,600 9,700 1,000 3,700 6,400 200

Social 116,000 72,500 68,200 4,200 10,900 3,500 7,400 5,900 5,500 8,400 12.300 500

Male 63,300 42,900 39,300 3,600 4.500 1.400 3,100 1,300 3,000 5,400 6,100 200

F emale 52,700 29,600 29,000 600 6.400 2,100 4,300 4,600 2,500 2,900 6200, 300

(continued)
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Appendix table 3-10.
Number of 1908 and 1989 science and engineering bachelors degree recipients, by field of degree, gender, and type of employer: 1990
(page 2 of 3)

Fif?Id ;:it ciegree and gender
Total

employed

Type of employer

No
report

Business and industry Educational institution

Non-
profit
org.

Federal
Gov't

State/
local
gov't OtherTotal Industry

Self-
employed Total

4-year
college/

univ. Other

Total engineering 126,700 98,900 97,200 1,800 2,600 1,700 800 1,100 7,900 5,800 10,000 400

Male 107,900 84,300 82,700 1,600 2,100 1,300 800 900 6,500 4,800 8,900 400

Female 18,800 14,600 14,500 100 400 400 300 1,400 1,000 1,100

Aernnautical/astrenautical 5,800 3,200 3200, 100 100 100 800 1,600

Male 5,200 2,900 2,900 100 100 100 ' 700 1,400

Ftl male 600 300 300 ' 100 200

Chtiiir,i1 6,000 5,200 5,200 100 100 300 200 100

Male 4,000 3,500 3,500 100 100 200 100 100

Female 2,000 1,700 1,700 ' ' 200 100 '

Civil 13,200 8,600 8,300 300 100 100 100 500 2,900 900 100

Male 11,300 7,300 7,000 300 100 100 100 400 2,400 800 100

Female 1,900 1,300 1,300 ' 100 500 100

Electrical/electronic 47,900 38,600 37,800 800 1,300 900 300 700 3.400 1,300 2,400 300

Male 42,400 34,300 33,600 700 1,000 700 300 500 2,900 1,200 2,200 300

Female 5,500 4,300 4,200 100 200 200 300 500 100 200

Industrial 11,100 9,300 9200, 200 100 100 500 200 900

Male 8,700 7,300 7,100 200 100 100 400 100 800

Female 2,400 2,100 2,000 200 100

Materials 1.300 1,100 1,100 ' 100 100 100

Male 1,000 800 800 100 100

Female 300 200 200
. ' '

Mechanical 25,600 21,100 20,900 200 300 100 200 200 1.700 600 1,700

Male 22,600 18,600 18,300 200 300 100 200 200 1,500 400 1,600

Female 3,000 2,500 2,500 ' ' 200 100 100

Mining 800 700 700
. . .

Male 600 600 600
. . .

Female 100 100 100
. . .

3 1
3

(continued)



Appendix table 3-10.
Number of 1988 and 1989 science and engineering bachelors degree recipients, by field of degree, gender, and type of employer: 1990
(page 3 of 3)

Business and industry

Type of employer

Educational institutica

Field of degree and gender
Total

employed Total Industry
Self-

employed Total

4-year
college/

univ. Other

Non-
profit
org.

Federal
Gov't

State/
local
gov't

No
Other report

Nuclear 700 300 300
. ' 100 300

Male 500 300 300 ' * * ' 200

Female 200 ' ' ' 100

Petroleum 900 800 800
. . .

Male 800 700 700 "

Female 100 100 100
.

Other 13,400 10.000 9,800 200 500 300 200 ' 400 600 1,900

Male 10.800 8,000 7,800 200 400 200 200 300 500 1,600

Female 2,600 2,000 2,000 100 100
.

100 100 300

too few cases to report

NOTE' Details may not sum to totais because of rounding Data exclude full-time graduate students.

SOURCE: Science Resources Studies Division. National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington, DC: NSF. forthcoming).

See figure 3-8.
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Appendix table 3-11.
Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree, gender, and type of employer: 1990
(page 1 of 3)

I

1(15'

I 8
cto
Qo

rgi

-s.
(1)

,

(C)
!

Q.
Field of degree and gender

Total
employed

Type of employer

No
report

Business and industry Educational institution

Non-
profit
org.

Federal
Gov't

State/
local
gov't OtherTotal Industry

Self-
employed Total

4-year
college/

univ, Other

TOTAL SCIENCE & ENGINEERING. 100,600 60,200 58,000 2200, 16,700 8,100 8,600 2,500 7,800 5,300 7,900 200 (5'

Male
Female

Total sciences

71,000
29,600

66,700

46,700
13,500

3:."),700

45,500
12,500

31,900

1,200
1,000

1900,

9200,

7,500

15,500

5,000
3,100

7,100

4,200
4,400

8,400

1200.

1,300

2,200

5,100
2,700

5,400

3,000
2,300

4,200

5,700
2200,

5,600

100
100

100

cc,

Male 41,300 23,200 22,200 1,000 8,100 4,100 4,100 900 3,200 2,200 3,600

Female 25,400 10,500 9,600 900 7,400 3,000 4,400 1,300 2,200 2,000 2,000

Physical 5,200 2,800 2,800 ` 1,400 600 900 100 300 100 300

Male 3,700 2,000 2,000 900 500 500 100 300 100 300

Female 1,400 800 800 500 100 400 * 100 '

Mathematics/statistics 8,400 3,500 3,400 3,700 1,000 2,700 100 200 100 800

Male 5,000 2.300 2,300 1,700 600 1,000 100 100 100 700

Female 3,400 1200, 1,200 ' 2,000 300 1,700 ' 100 100

Computer 19,400 15,000 14,700 300 1,400 700 700 300 800 300 1,700

Male 14,400 11,000 10,700 300 1,000 500 500 100 600 200 1,400

Female 5,100 4,000 4,000 400 200 200 200 200 100 200

Environmental
Male
Female

4,000
2,800
1,100

2,500
1,900

600

2,300
1,800

500

100

100

400
300
100

300
200
100

100

100

500
300
200

300
100
200

300
200
100

Lite 11,800 3,500 3200, 300 4,100 2,100 2,000 500 1,400 1,200 1,000

Mule 34,500 19,400 17,200 2,200 5,200 1,900 3,300 1,300 1,500 2,200 5,000

Female 34,700 15,300 14,700 600 6,200 2,000 4,200 2,200 1200, 2,500 7,100 200

Psychology 4,500 1,400 1,400 1,100 500 600 700 200 300 700

Male 1,700 600 600 400 200 300 200 200 100 200

Female 2,800 800 800 700 300 300 500 100 200 500

Social 13,400 5,100 4,100 1,000 3,400 1,900 1,500 500 1,800 1,900 800

Male 7.700 3,000 2,700 300 1,900 1,000 900 300 1,200 800 400

Female 5,800 2,100 1.400 700 1,500 900 600 300 600 1,100 400

4.1

3

(continued)



Appendix table 3-11.
Number of 1988 Pnd 1989 science and engineering masters degree recipients, by field of degree, gender, and type of employer: 1990
(page 2 of 3)

Field of degree and gender
Total

employed

Type of employer

No
report

>
-0
mz
0,
5('

?
>
-0
.a
mz
a,
51

Business and industry Educational institution

Non-
profit
org.

Federal
Gov't

State/
local
gov't OtherTotal Industry

Self-
employed Total

4-year
college/

univ. Other

Total engineering
Male
Female

Aeronautical/astronautical
Male
Female

Chemical
Male
Female

Civil .

Male
Female

Electrical/electronic
Male
Female

Industrial
Male
Female

Materials
Ma12

Female

Mechanical
Male
Female .

Mining
Male
Female

33,900
29,700

4,200

1,400
1,400

'

1,400
1,100

300

4,100
3,600

500

10,500
9,600

900

2,200
1,800

400

1,000
700
300

6.700
6,300

400

400
300
100

26,500
23,500

3,000

1,000
900

1,200
1,000

200

2,800
2,600

300

8,700
8.000

700

1,700
1,400

300

900
600
300

5,600
5,400

300

300
200
100

26,200
23,200

2,900

1,000
900

1,200
1,000

200

2,800
2,500

300

8,600
8,000

600

1,700
1,400

300

900
600
300

5,500
5,300

300

300
200
100

300
200
100

'

100

100

.

.

100

100

'
'
'

1200,

1,000
200

100

100

100

100

300
300

*

100

100

300
300

1,000
900
100

100

100

100
100

300
300

*

100

100
`

.

.

.

300
300

*

.

200
100

'

'
.

300
300

100
100

'

.

.

100
100

.

.

2,400
1900,

500

200
200

400
200
100

700
600

200
100
100

400
300
100

1,100
800
300

.

500
400
100

100

100

'

.

.

100
100

2,300
2,100

200

100
100

300
300

700
700

200
200

*

.

.

.

200
200

.

.

.

100
100

'

.

(continued)
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Appendix table 3-11. ; (/)

Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree, gender, and type of employer: 1990 I

(page 3 of 3)
0:
m

Type of employer ra
5'

Business and industry Educational institution o
el
--,

4-year Non- State/

Total Self- college/ profit Federal local No , s-

Field of degree and gender employed Total Industry employed Total univ. Other org. Gov't gov't Other report l 2,
6.1

"6

Nuclear 300 200 200 * 100 -,0

Male 200 100 100 100 i

Female
-,i
:-f.

Petroleum 300 300 300

Male 300 200 200

Female

. . . .

. . .

. . . .

Other 5,500 3,800 3,800 100 200 100 100 500 300 600

Male 4,300 3,000 2,900 100 200 100 100 * 300 300 600

Female 1,200 900 800 100 200 100

too few cases to report

NOTE Details may not sum to totals because of rounding. Data exclude full-time graduate students.

SOURCE Science Resotrces Studies Division, National Science Foundation. Characteristics of Recent Science and Engineering Graduates: 1990 (Washington, DC: NSF, forthcoming).

See figure 3-8. Science & Engineering Indicators 1991
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Appendix table 3-12.
Employed doctoral scientists and engineers, by field and gender: 1977-89

(page 1 of 2)

Appendix A. Appendix Tables
. _

Field and gender 1977 1979 1981 1983 1985 1987 1989

TOTAL SCIENTISTS AND ENGINEERS 285,055 314,257 343,956 369,320 400,358 419,118 448,645

Male 257,465 280,857 302,971 320,494 341,873 352,386 371,483

Female 27,590 33,400 40,985 48,826 58,485 66,732 77,160

Total scientists 240,005 263,915 286,917 307,775 334,505 351,350 373,860

Male 212,696 231,040 246,685 260,025 277,508 286,346 299,015

Female 27,309 32,875 40,232 47,750 56,997 65,004 74,845

Physical 57,531 60,222 63,110 63,986 67,480 68,647 70,209

Male 54,594 57,086 59,346 59,811 62,809 63,163 64,139

Female 2,937 3,136 3,764 4,175 4,671 5,484 6,070

Mathematical 14,609 15,250 15,569 16,379 16,758 16,699 17,611

Male 13,560 14,104 14,259 14,964 15,199 15,074 15,766

Female 1,049 1,146 1,310 1,415 1,559 1,625 1,845

Computer specialists 5,767 6,684 9,064 12,164 14,964 18,571 19,797

Male 5,534 6,318 8,363 10,898 13,345 16,693 17,493

Female 233 366 701 1,266 1,619 1.878 2,304

Environmental 13,001 14,575 15,909 16,467 17,288 17,811 19,787

Male 12,560 13,968 15,054 15,553 16,199 16,510 18,123

Female 441 607 855 914 1,089 1,301 1,664

Life 70,537 78,857 84,912 92,802 101,838 107,378 115,833

Male 61,437 67,528 71,593 76,573 82,146 85,269 89,558

Female 9,100 11,329 13,319 16,229 19,692 22,109 26,275

Psychologists 33,652 37,848 42,829 46,645 52,182 56,378 60,596

Male 26,055 28,690 31,103 32,962 35,573 37,274 38,754

Female 7,597 9,158 11,726 13,683 16,609 19,104 21,842

Social 44,908 50,479 55,524 59,332 63,995 65,866 70,027

Male 38,956 43,346 46,967 49,264 52,237 52,363 55,182

Female 5,952 7,133 8,557 10,068 11,758 13,503 14,845

Total engineers 45,050 50,342 57,039 61,545 65,853 67,768 74,783

Male 44,769 49,817 56,286 60,469 64,365 66,040 72,468

Female 281 525 753 1,076 1,488 1,728 2,315

Aeronautical/astronautical 1,987 2,364 2,519 3,684 3,827 5,005 6,367

Male 1,967 2,340 2,480 3,614 3,732 4,884 6,156

Female 20 24 39 70 95 121 211

Chemical 5,603 6,166 7,146 6,992 7,122 6,923 7,959

Male 5,575 6,117 7,092 6,895 7,021 6,783 7,744

Female 28 49 54 97 101 140 215

Civil 4,066 5.157 6,089 5,317 6,396 6,479 6.951

Male 4,051 5,101 6,003 5,245 6,305 6,316 6,762

Female 15 56 86 72 91 163 189

Electrical/electronic 8,284 8,597 10,630 12,696 14,248 12,601 15,088

Male 8,246 8,528 10,493 12,460 13,901 12,236 14,651

Female 38 69 137 236 347 365 437

Mechanical 4,648 5,245 5,270 5,657 6,594 6,711 7,390

Male 4.629 5,213 5,330 5,603 6,536 6,613 7,287

Female 19 32 40 54 58 98 103

(continued)
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Appendix table 3-12.
Employed doctoral scientists and engineers, by field and gender: 1977-89
(page 2 of 2)

Field and gender 1977 1979 1981 1983 1985 1987 1989

Other 20,462 22.813 25,285 27,199 27,666 30.049 31,028

Male 20,301 22,518 24,888 26,652 26,870 29,208 29,868
Female 161 295 397 547 796 841 1,160

NOTE: Details may not sum to totals because of rounding.

SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States:
1989, NSF 91-317 (Washington, DC: NSF, 1991).

See figures 3-11, 3-12, and 3-15. Science & Engineering Indicators 1991
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Appendix table 3-13.
Employed doctoral scientists and engineers, by field and race/ethnicity: 1977-89
(page 1 of 2)

Field and racial/ethnic group 1977 1979 1981 1983 1985 1987 1989

TOTAL SCIENTISTS AND ENGINEERS 285,055 314,257 343,953 369,320 400,358 419,118 448,643

White 2E58,255 284,965 309,123 328,455 355,125 372,985 397,169

Black 2 ,709 3,227 4,224 4,948 5,716 6,359 7,153

As ian 16,275 22,912 27,350 29,740 34,533 36,397 41,106

Other 7,816 3,153 3,256 6,177 4,984 3,377 3,215

Total scientists 240,005 263,915 286,917 307,775 334,505 351,350 373,860

White 219,636 243,008 261,912 278,722 302,526 319,091 338,040

Black 2,5816 3,125 3,954 4,538 5,203 5,704 6,539

Asian 11,229 15,037 18,328 19,259 22,651 23,645 26,522

Other 6,552 2,745 2,723 5,256 4,125 2,910 2,759

Physical 57,531 60,222 63,110 63,986 67,480 68,647 70,209

White 51,963 54,618 56,245 56,521 59,598 60,751 61,594

Black 543 403 579 690 522 620 831

Asian 3,441 4,719 5,769 5,684 6,561 6,788 7,195

Other 1,584 482 517 1,091 799 488 589

Mathematical 14,609 15,250 15,569 16,379 16,758 16,699 17,611

White 13,218 13,729 13,975 14,531 14,921 14,940 15,624

Black 120 144 167 178 166 166 198

Asian 799 1,110 1,155 1,378 1,368 1,482 1,644

Other 472 267 272 292 303 111 145

Computer specialists 5,767 6,684 9,064 12,164 14,964 18,571 19,797

White 5,014 6,059 8,056 11,012 13,064 16,219 17,018

Black 15 4 27 43 85 200 190

Asian 613 561 868 944 1,634 1,838 2,423

Other 125 60 113 165 181 314 166

Environment& 13,001 14,575 15,909 16,467 17,288 17,811 19,787

White 12,125 13,813 14,996 15,476 15,774 16,587 18,165

Black 24 65 34 33 98 222 228

Asian 572 539 744 770 1,133 943 1,338

Other 280 158 135 188 283 59 56

Life 70,537 78,857 84,912 92,802 101,838 107,378 115,833

White 64,243 71,861 77,089 83,378 92,002 96,955 104.295

Black 769 883 1,013 1,142 1,419 1,456 1,633

Asian 3,980 5,417 6,257 6,750 7,412 8,207 9,276

Other 1,545 696 553 1,532 1,005 760 629

Psychologists 33,652 37,848 42,829 46,645 52,182 56,378 60,596

White 31,943 36,480 9,825 44,237 49,508 53,655 57,833

Black 467 594 809 983 1,190 1,266 1,350

Asian 313 412 583 640 756 858 934

Other 929 362 31,612 785 728 599 479

Social 44,908 50,479 55,524 59,332 63,995 65,866 70,027

White 41,130 46,448 50,542 53,567 57,659 59,984 63,511

Black 650 1,032 1,325 1,469 1,723 1,774 2,109

Asian 1,511 2,279 2,952 3,093 3,787 3,529 3,712

Other 1,617 720 705 1,203 826 579 695

(continued)
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Appendix table 3-13.
Employed doctoral scientists and engineers, by field and race/ethnicity: 1977-89
(page 2 of 2)

Field and racial/ethnic group 1977 1979 1981 1983 1985 1987 1989

Total engineers 45,050 50,342 57,039 61,545 65,853 67,768 74,783
White 38,619 41,957 47,211 49,733 52,599 53,894 59,129
Black 121 102 270 410 513 655 614
Asian 5,046 7,875 9,022 10,481 11,882 12,752 14,584
Other 1,264 408 536 921 859 467 456

Aeronautical/astronautical 1,987 2,364 2,519 3,684 3,827 5,005 6.367
White 1,793 2,122 2,232 3,128 3,295 4,092 4,786
Black 0 2 10 21 27 34 165
Asian 138 232 269 482 503 869 1,395
Other 56 8 8 53 2 10 21

Chemical 5,603 6,166 7,146 6,992 7,122 6,923 7.959
White 4,674 4,953 5,553 5,384 5,130 4,988 6,008
Black 12 10 37 13 66 72 39
Asian 721 1,200 1,554 1,502 1,923 1,814 1,899
Other 196 3 2 93 3 49 13

Civil 4,066 5,157 6,089 5,317 6.396 6,479 6,951
White 3,255 3,875 4,785 4,190 5,063 5,182 5,554
Black 5 1 24 24 85 23 77
Asian 718 1,204 1,226 1,059 1,182 1,254 1,305
Other 88 77 54 44 66 20 15

Electrical/electronic 8.284 8,597 10,630 12,696 14,248 12,601 15,088
White 7,229 7,252 8,931 10,310 11,386 9,744 11,604
Black 45 15 40 75 90 209 118

Asian 833 1,272 1,552 2093, 2,553 2,525 3,234
Other 177 58 107 218 219 123 132

Mechanical 4 648 5,245 5.370 5,657 6,594 6,711 7,390
White 3,793 4,057 4,313 4,382 5,069 5,124 5,800
Black 5 22 10 91 81 127 14

Asian 771 1,165 1,045 1,157 1,354 1,412 1,497
Other 79 1 2 27 90 48 79

Other 20,462 22,813 25,285 27,199 27,666 30.049 31,028
White 17,875 19,698 21,397 22,339 22,656 24,764 25,377
Black 54 52 149 186 164 190 201

Asian 1,665 2,802 3,376 4,188 4,367 4,878 5,254
Other 668 261 363 486 479 217 196

NOTE: Details may not sum to totals because of rounding.

SOURCE: Science Resources Studies Division, National Science Foundation. Characteristics of Doctoral Scientists and Engineers: 1989 "ISF 91-317
(Washington, DC: NSF, 1991).

See figure 3-16. Science & Engineering Indicators 1991

289



290 Appendix A. Appendix Tables

Appendix table 3-14.
Employed doctoral scientists and engineers, by field and primary work activity: 1977-89
(page 1 of 4)

Field and primary work activity 1977 1979 1981 1983 1985 1987 1989

TOTAL SCIENTISTS AND ENGINEERS 285,055 314,257 343,956 369,320 400,358 419,118 448,643

Research 79,995 84,678 101,691 104,511 110,539 135,384 145,559

Basic research 43,551 47,908 55,181 57,137 61,451 63,230 67,68/
Applied research 36,444 36,770 46,510 47,374 49,088 72,154 77,872

Development 13,188 15,009 18,361 20,277 21,976 8,909 21,042

Management of R&D 30,783 43,084 32.709 31,418 34,938 33,897 35,414

Management other than R&D 29,913 29,230 27,806 30,395 34,694 33,850 38,072

Teaching 90,830 92,242 105,150 108,236 111,717 109,730 112,715

Consulting 6,149 9.012 12,065 12,746 14,164 13,804 16,767

Sales/professional services' 15,233 21,126 25,757 29,820 36,496 32,644 36,599

Reporting/statistical work/computing NA NA NA NA NA 11,891 25,029

Other 18,964 19,876 20,417 31,917 35,834 29,009 17,446

Total scientists 240,005 263,915 286,917 307,775 334.505 351,350 373,860

Research 69,683 74,739 88,180 89,528 95,556 115,587 123,312

Basic research 41,892 45,953 52,404 54,038 57,633 59,716 64,112

Applied research' 27,791 28,786 35,776 35,490 37,723 55,871 59,200

Development 6,349 7,185 8,487 10,514 11,185 9,083 9,348

Management of R&D 22,135 30,565 22,489 20,881 24,003 22,792 24,354

Management other than R&D 24,003 24,915 22,869 25,440 29,242 29,402 33.238

Teaching 82,029 82,909 94,416 96,403 99,237 97,938 99,972

Consulting 4,538 6,415 8,231 8,999 10,459 9,910 11,549

Sales/professional services' 14,568 20,029 24,271 28,568 34,252 32,500 36,467

Reporting/statistical work/computing NA NA NA NA NA 10,527 20,297

Other 16,700 17,158 17,974 27,442 30,571 23,611 15,323

Physical 57,531 60,222 63,110 63,986 67,480 68,647 70,209

Research 22,271 21,135 26,515 25,569 26,253 30,750 31,846

Basic research 12,168 12,087 13,848 14,049 14,349 13,158 13,047

Applied research' 10,103 9,048 12,667 11,520 11,904 17,592 18,799

Development 2,543 2,796 3,075 3,484 3,647 3,779 3,831

Management of R&D 8,464 12,644 8,785 8,793 9,370 8,184 8,493

Management other than R&D 4,718 3,523 3,165 3,052 3,627 2,750 3,549

Teaching 14,724 14,450 15,570 14,652 15,170 15,213 14,492

Consulting 407 761 1,112 925 1.206 1,390 1,245

Sales/professional services' 1,088 1,205 1.437 1,641 2,026 531 531

Reporting/statistical work/computing NA NA NA NA NA 959 3,993

Other 3,316 3,708 3,451 5,870 6,181 5,091 2,229

Mathematical 14,609 15,250 15.569 15,379 16,758 16,699 17,611

Research 2,912 3,138 2,969 2,913 3,452 3,838 4,241

Basic research 1,830 2,073 1,741 1,767 2,323 2,835 3,090

Applied research' 1,082 1,065 1,228 1,146 1,129 1,003 1,151

Development 408 492 395 490 573 161 200

Management of R&D 298 443 282 531 357 307 264

Management other than R&D 1,082 1,281 1,042 965 1,343 1,110 1,094

Teaching 9,088 8,865 9,596 9,701 9,445 9,347 9,758

Consulting 145 369 458 599 473 308 328

Sales/professional services' 78 249 300 261 213 22 46

Reporting/statistical work/computing NA NA NA NA NA 808 1,213

Other 598 413 527 919 902 798 467

(continued)



Science & Engineering Indicators 1991 291

Appendix table 3-14.
Employed doctoral scientists and engineers, by field and primary work activity: 1977-89
(page 2 of 4)

Field ane irimary work activity 1977 1979 1981 1983 1985 1987 1989

Com, ter specialists 5,767 6,684 9,064 12,164 14,964 18,571 19,797

Research 777 909 1,515 1,508 1,970 3,415 3,658

Basic research 283 435 620 615 1,005 1,391 1,463

Applied research' 494 474 895 893 965 2,024 2,195

Development 1,812 2.131 3,008 3,892 4,106 3,067 2,933

Management of R&D 735 971 808 1,114 1,734 2,292 2,368

Management other than R&D 667 681 890 938 1,128 1,348 1,627

Teaching 1,192 1,094 1,546 2,361 2,828 2,809 3,559

Consulting 155 301 554 678 914 825 884

Sales/professional services' 65 151 217 375 461 3 37

Reporting/statistical work/computing NA NA NA NA NA 3,287 4,161

Other 364 446 526 1,298 1,823 1,525 570

Environmental 13,001 14,575 15,909 16,467 17,288 17,811 19,787

Research 4,674 5,242 6,036 6,399 6,501 7,567 8,477

Basic research 2,499 2,704 3,307 3,287 3,559 3,599 3,924

Applied research' 2,175 2,538 2,729 3,112 2,942 3,968 4,553

Development 200 370 286 329 313 141 253

Management of R&D 1,631 2,361 2,380 1,825 2,058 1937, 2,141

Management other than R&D 1,448 1,193 1,166 1,304 1,400 1,647 1,635

Teaching 3,510 2,975 3.606 3,435 3,393 3,418 3,447

Consulting 364 838 1,045 1,198 1,407 1,402 1,785

Sales/professional services' 137 216 381 242 315 88 74

Reporting/statistical work/computing NA NA NA NA NA 630 1,130

Other 1,037 1,380 1,009 1,735 1,901 981 845

Life 70,537 78,857 84,912 92,802 101,838 107,378 115,833

Research 27,868 31,905 37,962 39,491 42,865 51,701 55,277

Basic research 19,954 23,413 27,223 28,784 30,990 31,225 33,640

Applied research' 7,914 8,492 10,739 10,707 11,875 20,476 21,637

Development 817 855 1,049 1,532 1,725 1,418 1,583

Management of R&D 7,340 9,246 6,711 6,165 7,328 7,310 8,036

Management other than R&D 6,206 6,613 5,416 6,806 8,335 8,233 9,405

Teaching 18.992 19,292 21,733 22,452 22,430 21,701 21,998

Consulting 1,037 1,441 1,535 1,981 2,383 2,258 2,657

Sales/professional services 3,017 4,264 5,264 6,223 7,325 6,720 7,057

Reporting/statistical work/computing NA NA NA NA NA 1,636 4,830

Other 5,260 5,241 5,242 8,152 9,447 6,401 4,990

Psychologists 33,652 37,848 42,829 46,645 52,182 56,378 60,596

Research 3,705 4,535 4,970 4,704 4,765 6,107 6,637

Basic research 1,937 2,546 2,464 2,344 2,316 2,884 3,290

Applied research' 1,768 1,989 2,506 2,360 2,449 3,223 3,347

Development 20'; 271 404 313 423 364 316

Management of R&D 1,609 1,620 1,060 903 1,043 1,030 898

Management other than R&D 4,297 5,002 4,745 4,705 5,152 5,695 6,106

Teaching 10,805 10,330 12,477 12,708 13,184 13,839 13,455

:7:onsitIting 1,481 1,499 2,031 2084, 2,118 1,576 2,239

Sales/professior,3! Nervice 9,573 12,964 15,128 18,488 22,044 24,677 28,090

Reporting/statistical work/computing NA NA NA NA NA 597 1,094

etrier 1,978 1,627 1994, 2,740 3,453 2,493 1,761

(continued)
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Appendix table 3-14.
Employed doctoral scientists and engineers, by field and primary work activity: 1977-89
(page 3 of 4)

Field and primary work activity 1977 1979 1981 1983 1985 1987 1989

Social 44,908 50,479 55,524 59,332 63,995 65,866 70,027
Research 7,476 7,875 8,213 8,944 9,750 12,2-.) 13,176

Basic research 3,221 2,695 3,201 3,192 3,291 4,624 5,658

Applied research' 4,255 5,180 5,012 5,752 6,459 7,585 7,518

Development 365 270 270 474 398 153 232

Management of R&D 2,058 3,280 2,463 1,550 2,113 1,732 2,154

Management other than R&D 5,585 6,622 6,445 7,670 8,257 8,619 9,822

Teaching 23,718 25,903 29,888 31,094 32,787 31,611 33,263

Consulting 949 1,206 1,476 1,534 1,958 2,151 2,411

Sales/professional services' 610 980 1,544 1,338 1,868 459 632

Reporting/statistical work/computing NA NA NA NA NA 2,610 3,876

Other 4,147 4,343 5,225 6,728 6,864 6,322 4,461

Total engineers 45,050 50,342 57,039 61,545 65,853 67,768 74,783

Research 10,312 9,939 13,511 14,983 14,983 19,797 22,247
Basic research 1,659 1,955 2,777 3,099 3,618 3,514 3,575

Applied research 8,653 7,984 10,734 11,884 11,365 16,283 18,672

Development 6,839 7,824 9,874 9,763 10,791 9,826 11,694
Management of R&D 8,648 12,519 10,220 10,537 10,935 11,105 11.060
Management other than R&D 5,910 4,315 4,937 4,955 5,452 4,448 4,834

Teaching 8,801 9,333 10,734 11,833 12,480 11,792 12,743

Consulting 1,611 2,597 3,834 3,747 3,705 3,894 5,218

Sales/professional services' 665 1,097 1,486 1,252 2,244 144 132

Reporting/statistical work/computing NA NA NA NA NA 1,364 4,732

Other 2,264 2 ,718 2,443 4,475 5,263 5,398 2,123

Aeronautical/astronautical 1,987 2,364 2,519 3,684 3,827 5,005 6,367

Research 586 733 763 994 1,045 1,327 1,847

Basic research 104 293 175 273 300 231 358

Applied research' 482 440 588 721 745 1,096 1,489

Development 324 521 314 806 805 1,025 1,382

Management of R&D 454 574 620 798 931 1,446 1,408

Management other than R&D 195 86 218 156 176 224 170

Teaching 336 310 387 517 335 436 631

Consulting o o 40 138 127 207 365

Sales/professional services' 25 61 84 79 125 51 o

Reporting/statistical work/computing NA NA NA NA NA 114 242

Other 67 79 93 196 283 175 322

Chemical 5,603 6,166 7,146 6,992 7,122 6,923 7,959

Research 1,187 1,035 2,125 2,054 1,995 2,503 3,446

Basic research 199 175 278 374 446 488 491

Applied research' 988 860 1,847 1,680 1,549 2,015 2,955

Development 865 1,122 1,480 914 1,161 818 1,255

Management of R&D 1,301 1,809 1,192 1,110 1,214 968 894

Management other than R&D 903 662 432 587 542 390 428

Teaching 713 620 963 1,078 904 1,110 843

Consulting 182 217 387 227 225 195 375

Sales/professional services' 147 124 212 185 425 o o

Reporting/statistical work/computing NA NA NA NA NA 103 471

Other 305 577 355 837 656 836 247

(continued)
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Appendix table 3-14.
Employed doctoral scientists and engineers, by field and primary work activity: 1977-89
(page 4 of 4)

Field and primary work activity 1977 1979 1981 1983 1985 1987 1989

Civil 4,066 5,157 6,089 5,317 6,396 6,479 6,951

Research 565 705 704 580 822 1,234 1,213

Basic research 55 36 134 189 298 276 300

Applied research' 510 669 570 391 524 958 913

Development 285 252 514 318 530 224 236

Management of R&D 377 432 443 180 470 228 231

Management other than R&D 710 624 770 598 668 781 755
Teaching 1,470 1,633 2,164 2,132 2,231 2,369 2.439
Consulting 347 1,073 983 934 788 871 1,461

Sales/professional services 60 165 233 113 318 8 78

Reporting/statistical work/computing NA NA NA NA NA 60 307

Other 252 273 278 462 569 704 231

Electrical/electron ic 8,284 8,597 10,630 12,696 14,248 12,601 15,088

Research 1,418 1,327 1,976 2.455 2,344 2,737 3,451

Basic research 218 100 273 330 493 494 743

Applied research' 1,200 1,227 1,703 2,125 1,851 2,243 2,708

Development 1,832 1,454 2,429 2,551 2,943 2,966 3,285

Management of R&D 1,631 2,534 2,128 2,817 2,899 2,197 3,102

Management other than R&D 959 826 836 1,144 1273 760 814

Teaching 1,897 1,842 2,313 2,447 3,028 2,153 2,808
Consulting 84 123 377 380 422 468 424

Sales/professional services' 106 186 242 247 423 26 0

Reporting/statistical work/computing NA NA NA NA NA 224 886

Other 357 305 329 655 916 1,070 318

Mechanical 4,648 5,245 5,370 5,657 6,594 6,711 7.390

Research 931 778 1,219 836 1,214 1,850 1,964

Basic research 134 172 344 156 376 244 251

Applied research' 797 606 875 680 838 1,606 1,713

Development 598 853 1,015 1,055 1,264 838 1,199

Management of R&D 826 1,023 660 597 896 697 707

Management other than R&D 579 392 379 491 529 411 402

Teaching 1,267 1,582 1,501 1,867 2,025 2,109 2,387

Consulting 164 364 378 342 340 330 304

Sales/professional services' 61 178 132 65 113 0 41

Reporting/statistical work/computing NA NA NA NA NA 88 224

Other 222 75 86 404 213 388 162

Other engineers 20,462 22,813 25,285 27,199 27,666 30,049 31,028
Research 5,625 5,361 6,724 8,064 7,563 10,146 10,326

Basic research 949 1,179 1,573 1,777 1,705 1,781 1,432

Applied research' 4,676 4,182 5,151 6,287 5,858 8,365 8,894

Development 2,935 3.622 4,122 4,119 4,088 3,955 4,337

Management of R&D 4,059 6,147 5,177 5,035 4,525 5,569 4,718

Management other than R&D 2,564 1.725 2.302 1.979 2,264 1,882 2,265

Teaching 3,118 3,346 3,406 3,792 3,957 3,615 3,635

Consulting 834 820 1.669 1,726 1,803 1,823 2,289

Sales/professional services' 266 383 583 563 840 59 13

Reporting/statistical work/computing NA NA NA NA NA 775 2 602

Other 1,061 1.409 1,302 1,921 :!,626 2.225 843

NA = not available

NOTE: Details may not sum to totals because of rounding.

'In 1987. sales/professional services was redefined to include only professional services: sales data from 1987 on are included with "other." In 1987.
applied research was redefined. Data from 1987 o.. reflect this change.

SOURCE: Science Resources Studies Division. National Science Foundation. Characteristics of Doctoral Scientists and Engineers in the United States:
1989. NSF 91-317 (Washington. DC: NSF, 1991).

See figure 3-13. Science & Engineering Indicators -1991
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Appendix table 3-15.
Employed doctoral scientists and engineers, by field and type of employer: 1977-89
(page 1 of 3)

Field and type of employer 1977 1979 1981 1983 1985 1987 1989

TOTAL SCIENTISTS AND ENGINEERS 285,055 314,257 343,956 369,320 400,358 419,118 448,643

Business and industry 71,562 82,858 99,126 113,463 125,767 131,699 145,148

Educational institution 163,768 174,483 187,011 196,050 211,611 218,697 230,932

Federal Government 21,389 23,946 25,124 25,793 26,337 27,532 29,242

State and local gcvernment 5,308 6,123 6,558 7,717 8,217 9,223 10,397

Nonprofit organization 10,195 12,454 12,601 11,894 13,617 15,464 16,150

Other 12,833 14,393 13,536 14,403 14,809 16,503 16,774

Total scientists 240,005 263,915 286,917 307,775 334,505 351,350 373,860
Business and industry 46,694 56,341 67,338 78,963 87,909 94,552 103,189

Educational institution 147,851 157,409 168,969 175,730 189,914 194,987 205,810

Federal Government 17,870 20,375 21,321 21,950 22,530 23,926 24,696

State and local government 4,924 5,882 6,201 7,334 7,855 8,697 9,858

Nonprofit organization 8,644 10,438 10,263 9,973 11,903 13,290 13,961

Other.. 12,022 13,470 12,825 13,825 14,394 15,898 16,346

Physical 57,531 60,222 63,110 63,986 67,480 68,647 70,209

Business and industry 23,006 24,989 27,409 28,748 30,281 30,741 32,042

Educational institution 27,118 27,300 28,225 27,931 29,700 30,310 30,276

Federal Government 3,945 4,598 4,342 4,307 4,044 4,322 4,602

State and local government 276 279 358 246 344 448 424

Nonprofit organization 2,042 1,985 2,093 1,751 2,286 2,167 2095,

Other 1,144 1,071 683 1,003 825 659 770

Mathematical 14,609 15,250 15,569 16,379 16,758 16,699 17,611

Business and industry 1,312 1,469 1,616 2027, 1911, 1,838 2.105

Educational institution 12,223 12,550 12,719 13,244 13,560 13,674 14,300

Federal Government 604 817 852 790 853 848 786

State and local government 51 51 2 21 34 26 63

Nonprofit organization 261 294 263 211 293 151 285

Other 158 69 117 86 107 162 72

Computer specialists 5,767 6,684 9,064 12,164 14,964 18,571 19,797

Business and industry 3,058 3,669 5,228 6,819 8,351 11,383 11,483

Educational institution 2,128 2,404 3,010 4,031 5,288 5,558 6,553

Federal Government 251 336 355 490 692 797 820

State and local government 81 7 152 336 248 258 308

Nonprofit organization 159 163 276 345 329 444 518

Other 90 105 43 143 56 131 115

Environmental 13,001 14,575 15,909 16,467 17,288 17.811 19,787

Business and industry 3,103 4,246 4,705 5,154 5,254 5,168 6,266

Educational institution 6,285 6,146 6,741 6,682 7,222 7,483 8,001

Federal Government 2,417 2,716 3,075 3,102 3,309 3,363 3,264

State and local government 506 655 604 819 666 913 1,131

Nonprofit organization 520 614 623 555 678 702 894

Other 170 198 161 155 159 182 231

Life 70,537 78,857 84,912 92,802 101,838 107,378 115,833

Business and industry 9,734 11,145 13,123 16,444 19,165 20,455 23,572

Educational institution 46,865 51,673 55,762 58,906 63.595 66,415 70,479

Federal Government 6372 7,167 7,225 7,771 7,962 8,709 9,132

State and local government 1,452 1,551 1,670 1,710 2,166 1,944 2,743

Nonprofit organization 2,401 2,970 3,150 3,258 3.884 4,256 4,267

Other 3,713 4,351 3,982 4,713 5,066 5,599 5,640

(continued)
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Appendix table 3-15.
Employed doctoral scientists and engineers, by field and type of employer: 1977-89
(page 2 of 3)
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Field and type of employer 1977 1979 1981 1983 1985 1987 1989

Psychologists 33,652 37,848 42,829 46,645 52,182 56,378 60,596

Business and industry 5,528 7,077 10,122 13,020 15,530 17,381 19,899

Educational institution 18,512 19,846 21,675 22,182 24,893 25,369 26,425

Federal Government 1,220 1.080 1,211 1,191 1,049 1,388 1,426

State and local government 1,336 1,680 1,715 2,148 1,916 2,197 2,211

Nonprofit organization 1,272 1,725 1,679 1,773 2,084 2,501 2,697

Other 5,784 6,440 6,427 6,331 6,710 7,542 7,938

Social 44,908 50,479 55,524 59,332 63,995 65,866 70,027

Business and industry 2,953 3,746 5,135 6,751 7,417 7.586 7,822

Educational institution 34,720 37,490 40,837 42,754 45,656 46,178 49,776

Federal Government 3,061 3,661 4,261 4,299 4,621 4,499 4,666

State and local government 1,222 1,659 1,700 2,054 2,481 2,911 2,978

Nonprofit organization 1,989 2,687 2,179 2,080 2,349 3.069 3,205

Other 963 1,236 1,412 1,394 1,471 1,623 1,580

Total engine.::;s 45,050 50,342 57,039 61,545 65,853 67,768 74,783

Business and industry 22,868 26,517 31,788 34,500 37,858 37,147 41,959

Educational institution 15,917 17,074 18,042 20,320 21,697 23,710 25,i22
Federal Government 3,519 3,571 3,803 3,843 3,807 3,606 4,546

State and local government 384 241 357 383 362 526 539

Nonprofit organization 1,551 2,016 2,338 1,921 1,714 2,174 2,189

Other 811 923 711 578 415 605 428

Aeronautical/astronautical 1,987 2,364 2,519 3,684 3,827 5,005 6,367

Business and industry 799 907 1,127 1,928 2,095 3,177 4,116

Educational institution 561 783 675 865 732 907 1,258

Federal Government 381 407 425 511 627 550 715

State and local government 0 0 0 1 0 0 0

Nonprofit organization 63 134 176 305 271 327 248

Other 183 133 116 74 102 44 30

Chemical 5,603 6,166 7,146 6,992 7,122 6,923 7,959

Business and industry 4,099 4,540 5,342 4,788 5.097 4,690 5,411

Educational institution 1,180 1,129 1,380 1,722 1,778 1,941 2,152

Federal Government 210 260 258 174 183 164 246

State and local government 8 0 23 0 0 0 14

Nonprofit organization 96 191 143 202 64 75 127

Other 10 46 0 106 0 53 9

Civil 4,066 5,157 6,089 5,317 6,396 6,479 6,951

Business and industry 1,199 1,822 2,555 1,895 2,426 1,931 2,426

Educational institution 2,211 2,722 2,887 3,138 3,409 3,802 3,667

Federal Government 279 24, 145 79 295 387 432

State and local government 244 131 192 146 162 262 302

Nonprofit organization 13 0 69 16 14 49 73

Other 120 233 241 43 90 48 51

Electrical/electronic 8,284 8,597 10,630 12,696 14,248 12,601 15,088

Business and industry 3,915 4,687 6,187 7,615 8,566 7,600 8,780

Educational institution 3,290 2,930 3,592 3,960 4,672 3,979 4,829

Federal Government 620 719 524 776 756 637 950

State and local government 13 17 60 62 46 35 50

Nonprofit organization 320 184 264 218 186 254 377

Other 126 60 3 65 22 96 102

(contmued)
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Appendix table 3-15.
Employed doctoral scientists and engineers, by field and type of employer: 1977-89
(page 3 of 3)

Field and type of employer 1977 1979 1981 1983 1985 1987 1989

Mechanical 4,648 5,245 5,370 5,657 6,594 6,711 7,390
Business and industry 2.108 2,419 2,645 2,596 3,094 2,641 3,129
Educational institution 2,038 2,235 2,138 2,578 2,973 3,544 3,597
Federal Government 319 338 322 353 308 311 364
State and local government 0 1 2 0 0 8 7

Nonprofit organization 183 228 263 107 194 179 230
Other 0 24 0 23 25 28 63

Other engineers 20,462 22,813 25,285 27,199 27,666 30,049 31,028
Business and industry 10,748 12,142 13,932 15,678 16,580 17,108 18,097
Educational institution 6,637 7,275 7,370 8,057 8,133 9,537 9,619
Federal Government 1,710 1,598 2,129 1,950 1,638 1,557 1,839
State and local government 119 92 80 174 154 221 166
Nonpidit organization 876 1,279 1,423 1,073 985 1,290 1,134
Other 372 427 351 267 176 336 173

NOTE: Details may not sum to totals because of rounding.

SOURCE: Science Resources Studies Division. National Science Foundation. Characteristics of Doctoral Scientists and Engineers in the United States:
1989, NSF 91-317 (Washington. DC: NSF. 1991).

See figure 3-14 and figure 0-11 in Overview. Science & Engineering Indicators - 1991
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Appendix table 3-16.
U.S. immigrant scientists and engineers, by country of origin: 1988

297

Country of origin Total Engineers
Natural

scientists

Math scientists
and computer

specialists
Social

scientists

All countries 10,918 8,081 1,198 1,164 475

Western Europe 1,674 1,173 257 165 79

France 93 67 10 13 3

Italy 50 30 14 2 4

Sweden 66 52 5 6 3

United Kingdom 776 553 107 92 24

West Germany 157 86 43 10 18

All others 532 385 78 42 27

Eastern Europe 723 465 112 34 112

Poland 313 173 60 10 70

USSR 153 116 17 8 12

Yugoslavia 53 36 8 1 8

All others 204 140 27 15 22

North and Central America 1,142 790 131 132 89

Canada 325 202 50 54 19

Mexico 201 148 28 17 8

All others 616 440 53 31 62

Near and Middle East 1.262 1,045 93 95 29

Iran 648 552 41 43 12

Israel 134 86 22 22 4

All others 480 407 30 30 13

Asia 4,986 3,831 463 615 77

Hong Kong 432 330 28 70 4

India 1,246 958 161 104 23

Japan 102 70 11 17 4

People's Repubhc of China 740 566 53 110 11

The Philippines 798 676 51 60 11

South Korea 183 152 14 16 1

Taiwan 907 646 83 171 7

All others 578 433 62 67 16

All other areas 1,131 777 142 123 89

NOTES: Data refer to scientists and engineers from all sectors. Country identification is based on the country of birth. "Immigrant" refers to those scientists
and engineers allowed to stay permanently in the United States and obtain citizenship: it includes both those who came directly from a foreign country and
those who changed to immigrant status while in the United States. It does not include those admitted on a temporary basis unless they changed their
status w become immigrants.
SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update: 1991, NSF 91-309
(Washington, DC: NSF, 1991).

Science & Engineering Indicators 1991
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Appendix table 3-17.
Nonacademic scientists and engineers per 10,000 labor force, by gender for selected countries: most current
years

France
(1987)

Italy
(1981)

Japan
(1985)

United
Kingdom'

(1981)

United
States.'
(1986)

West
Germany

(1985)

Total numbers

TOTAL SCIENTISTS & ENGINEERS 473,897 124,290 1,514,200 585,190 3,919,900 621,500
Male 405,389 110,137 1,444,400 533,380 3,393,700 585,400
Female 68,508 14,153 69,800 51,810 526,200 36,100

Scientists 202,541 63,402 389,900 219,740 1,676,400 114,100
Male 141,413 50,093 338,400 173,880 1,242,800 95,700
Female 55,128 13,309 51,500 45,860 433,600 18,400

Engineers 271,356 60,888 1,124,300 365,450 2,243,500 507,400
Male 257,976 60,044 1,106,000 359,500 2,150,900 489,700
Female 13,380 844 18,300 5,950 92,600 17,700

Per 10,000 labor force

TOTAL SCIENTISTS & ENGINEERS 197 61 251 219 328 223
Male 168 54 240 199 284 210

Female 28 7 12 19 44 13

Scientists 84 31 65 82 140 41

Male 59 25 56 65 104 34

Female 23 7 9 17 36 7

Engineers 113 30 187 137 188 182

Male 107 30 184 134 180 176

Female 6 " 3 2 8 6

Labor force 24,073,000 20 246,000 60,270,700 26,740,000 119,540,000 27,844,000

= less than 1 per 10,000

NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may not sum to totals because of rounding. The
numbers of scientists and engineers for France, Italy, Japan, the United Kingdom, and West Germany are estimates prepared by the U.S. Bureau of the
Census based on published and unpublished census and survey data for the years shown. Labor force data are from the Organisation for Economic
Cooperation and Development; thus, the number of scientists and engineers per 10,000 labor force differs froi data published in Census Bureau reports.

'Data exclude Northern Ireland,

'Data by gender are estimates.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update: 1991. NSF 91-309
(Washington, DC: NSF, 1991).

See figure 0-7 in Overview. Science & Engineering Indicators - 1991
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Appendix table 3-18.
Nonacademic scientists and engineers, by sector of employment in selected countries: most current years

Sector
France
(1987)

Japan
(1985)

United
Kingdom'

(1981)

United
States
(1988)

West
Germany

(1985)

Scientists

Percent

Total 100.0 100.0 100.0 100.0 100.0

Agriculture ' 0.5 1.0 0.2

Mining' 1.1 1.3 2.6 NA

Manufacturing 13.5 21.3 31.8 20.1 43.0

Construction 1.2 1.2 0.7 0.2 0.9

Wholesale and retail trade 5.1 9.2 4.8 3.7 2.2

Transportation, communications,
and public utilities 1.5 2.1 5.5 2.7 2.9

Services 47.9 64.7 45.3 45.6 39.7

Government 29.4 1.0 10.1 24.0 7.4

All other 0.2 NA 0.1 NA 3.7

Engineers

Total 100.0 100.0 100.0 100.0 100.0

Agriculture 0.3 0.5 0.1 0.1 0.1

Mining 3.9 0.4 2.0 1.9 NA

Manufacturing 34.2 32.6 52.4 51.8 43.9

Construction 6.6 23.0 9.7 1.7 10.5

Wholesale and retail trade 3.0 1.9 2.4 2.0 1.9

Transportation, communications,
and public utilities 2.3 5.9 10.7 5.7 10.1

Services 26.9 31.0 17.0 23.3 21.0

Government
All other

22.4
0.2

4.7
NA

5.7 13.4
NA

12.0
0.5

= less than 0.05 percent: NA = not available

NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may not sum to 100 percent because of rounding.
Figures for France, Japan, the United Kingdom, and West Germany are estimates prepared by the U.S. Bureau of the Census based on published and
unpublished census and survey data for the years shown.

'Data exclude Northern Ireland.

:Mining data for West Germany are included under transportation, communications. and public utilities.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update: 1991. NSF 91-309
(Washington, DC: NSF, 1991).

See figure 3-18. Science & Engineering Indicators 1991
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Appendix table 3-19.
Total labor force and scientists and engineers engaged in R&D per 10,000 labor force, for selected countries:
1965-87
(page 1 of 2)

France Italy Japan Sweden
United

Kingdom
United
States

West
Germany

Labor force (In thousands)

1965 20,385 21,073 47,870 3,742 25,498 76,401 27,034

1966 20,534 20,836 48,910 3,792 25,632 77,892 26,962

1967 20,678 20,967 49.830 3,775 25,490 79,565 26,409

1968 20,861 21,039 50,610 3,822 25,378 80,990 26,291

1969 21,095 20,857 50,980 3,855 25,375 82,972 26,535

1970 21,415 20,886 51,530 3,913 25,308 84,889 26,817

1971 21,578 20,881 51,860 3,961 25,207 86,355 27,002

1972 21,738 20,713 52,000 3,970 25,264 88,847 26,990

1973 22,022 20,879 53,260 3,977 25,612 91,203 27,195

1974 22,260 21,046 53,100 4,043 25,659 93,670 27,147

1975 22,353 21,233 53,230 4,129 25,893 95,453 26,884

1976 22,605 21,553 53,780 4,155 26,111 97,826 26,651

1977 22,910 21,870 54,520 4,174 26,224 100,665 26,577

1978 23,062 21,950 55,320 4,290 26,357 103,882 26,692

1979 23,243 22,276 55,960 4,268 26,628 106,559 26,923

1980 23,369 22,553 56,500 4,318 26,840 108,544 27,217

1981 23,530 22,693 57,070 4,332 26,740 110,315 27,416

1982 23,743 22,798 57,740 4,357 26,677 111,872 27,542

1983 23,714 23,061 58,890 4,375 26,610 113.226 27,589

1984 23,867 23,323 59,270 4,332 27,265 115,241 27,629

1985 23,917 23,495 59,634 4,367 27,797 117,167 27,844

1986 23,993 23,851 60,200 4,386 27,984 119,540 28,024

1987 24,073 24,030 60,840 4,421 28,211 121,602 28,216

Scientists and engineers engaged In R&D per 10,000 labor force

1965 21.0 NA 24.6 NA 19.6 64.7 22.6

1966 29.2 NA 26.4 NA NA 66.9 22.3

1967 25.3 NA 27.8 NA NA 67.2 24.4

1968 26.2 NA 31.1 NA 20.8 67.9 25.9

1969 27.1 12.2 30.8 NA NA 66.6 28.2

1970 27.3 13.2 33.4 NA NA 64.1 30.8

1971 27.9 14.8 37.5 22.9 NA 60.6 33.4

1972 28.2 15.7 38.1 NA 30.4 58.0 35.6

1973 28.5 16.0 42.5 23.2 NA 56.4 37.1

1974 28.8 16.3 44.9 NA NA 55.6 37.8

1975 29.2 17.9 47.9 32.0 31.1 55.3 38.6

1976 29.6 17.6 48.4 NA NA 54.7 39.2

1977 29.7 18.2 49.9 33.8 NA 55.7 41.8

1978 30.7 18.6 49.4 NA 33.3 50.5 42.7*

1979 31.4 20.8 50.4 34.6 NA 57.7 43.4

1980 32.1 20.8 53.6 NA NA 60.0 44.3*

1981 36.3 22.9 55.6 35.2 35.8 61.9 45.5

1982 37.9 24.9 57.1 NA NA 63.6 46.4 "

1983 39.1 27.3 58.1 39.0 35.4 66.4 47.4

1984 41.1 26.6 62.4 NA 35.5* 69.2 49.6 *

(continued)
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Appendix table 3-19.
Total labor force and scientists and engineerr engaged in R&D per 10,000 labor force, for selected countries:
1965-87
(page 2 of 2)

United United Wes.,t

France Italy Japan Sweden Kingdom States Germany

1985 42.8 27.1 63.9 44.9 35.5 72.5 51.6
1986 43.8 ' 28.4 67.4 NA 35.5 75.0 52.3 "
1987 44.9 ' 29.4 68.8 50.2 35.9 75.9 53.7 '

= National Science Foundation estimates; NA = not available

NOTES: Table includes all scientists and engineers engaged in R&D on a full-time basis with the following exceptions. Japanese data include persons
primarily employed in R&D in the natural sciences and engineering, and the United Kingdom data include only government and industry sectors. The
figures for West Germany increased in 1979 because of increased coverage of small and medium enterprises not surveyed in 1977; data starting with
1979 were revised in 1988 using improved methodologies. The figures for France increased in 1981 in part because of a re-evaluation of university
research methods.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update: 1991, NSF 91-309
(Washington, DC: NSF, 1991).

See figure 3-19. Science & Engineering Indicators 1991

Appendix table 3-20.
Scientists and engineers engaged in R&D, by country: 1965-88

France Italy Japan
United United

Sweden Kingdom States
West

Germany

-Thousands

1965 42.8 NA 117.6 NA 49.9 494.6 61.0
1566 60.0 NA 128.9 NA NA 521.1 60.0
1967 52.4 NA 138.7 NA NA 534.4 64.5
1968 54.7 NA 157.6 NA 52.8 549.9 68.0
1969 57.2 25.4 157.1 NA NA 552.7 74.9

1970 58.5 27.6 172.0 NA NA 543.8 82.5
1971 60.1 30.9 194.3 9.1 NA 523.5 90.2
1972 61.2 32.6 198.1 NA 76.7 515.0 96.0
1973 62.7 33.3 226.6 9.2 NA 514.6 101.0
1974 64.1 34.3 238.2 NA NA 520.6 102.5

1975 65.3 37.9 255.2 13.2 80.5 527.4 103.7
1976 67.0 37.9 260.2 NA NA 535.2 104.5
1977 68.0 39.7 272.0 14.1 NA 560.6 111.0
1978 70.9 40.8 273.1 NA 87.7 586.6 113.9
1979 72.9 46.4 281.9 14.8 NA 614.5 116.9

1980 74.9 47.0 302.6 NA NA 651.2 120.7
1981 85.5 52.1 317.5 15.2 95.7 683.3 124.7
1982 90.1 56.7 329.7 NA NA 711.9 127.7
1983 92.7 63.0 342.2 17.0 94.1 751.7 130.8
1984 98.2 62.0 370.0 NA 96.3 797.8 137.1

1985 102.3 63.8 381.3 19.6 98.0 849.2 147.6
1986 105.0 67.8 405.6 NA 101.7 896.5 156.0
1987 109.4 70.6 418.3 22.2 101.4 923.3 165.6
1988 NA NA 441.9 NA NA 949.2 NA

NA = not available

NOTES: Table includes all scientists and engineers engaged in R&D on a full-time basis with the following
exceptions. Japanese data include persons primarily employed in R&D in the natural sciences and
engineering, and the United Kingdom data include only government and industry sectors. The figures for
West Germany increased in 1979 because of increased coverage of small and medium enterprises not
surveyed in 1977: data starting with 1979 were revised in 1988 using improved methodologies. The
figures for France increased in 1981 in part because of a re-evaluation of university research efforts.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and
Technology Data Update: 1991, NSF 91-309 (Washington. DC: NSF, 1991).

See figure 3-19. Science & Engineering Indicators 1991
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Appendix table 3-21.
Scientists and engineers in manufacturing, by occupation group for
selected countries: most current years

Occupation
France
(1987)

Japan
(1985)

United
Kingdom'

(1981)

United
States
(1988)

West
Germany?

(1985)

Percent

Total scientists and engineers 100.0 100.0 100.0 100.0 100.0

Scientists 24.4 25.7 27.0 20.5 18.4

Natural 8.0 4.4 12.3 10.0 10.9

Computer 14.6 21.2 14.1 10.4 NA

Social 1.9 0.1 0.6 0.1 7.4

Engineers 75.4 74.3 73.0 79.5 81.6

Civil 5.4 32.1 1.3 0.8 25.9

Electrical/electronic 25.5 15.4 12.6 25.0 13.0

lndustriaVmechanical 44.7 26.8 59.0 53.7 42.8

NA = not separately available

NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may
not sum to totals because of rounding. Figures for France, Japan, the United Kingdom, and West
Germany are estimates prepared by the U.S. Bureau of the Census based on published and unpublished
census and survey data for the years shown.

'Data exclt le Northern Ireland.

'Systems aoalysts are included with natural scientists; computer engineers are included with elec-
trical/electroi ic engineers.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and
Technology Data Update: 1991, NSF 91-309 (Washington, DC: NSF, 1991).

Science & Engineering Indicators - 1991

Appendix table 3-22.
Nonacademic scientists and engineers, by age group in selected countries:
most current years

Age group

France
(1987)

Japan
(1985)

United
Kingdom'

(1981)

United
States'
(1986)

West
Germany

(1985)

Percent

Total 100.0 100.0 100.0 100.0 100.0

Under 35 28.2 48.5 38.9 32.9 30.3

35-54 61.7 44.9 32.1 49.0 56.0

Over 55 10.1 6.7 29.0 18.1 13.6

NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may
not sum to totals because of rounding. Figures for France, Japan. the United Kingdom, and West
Germany are estimates prepared by the U.S. Bureau of the Census based on published and unpublished
census and survey data for the years shown.

'Data exclude Northern Ireland.

'Data are for academic and nonacademic scientists and engineers and exclude those respondents for
whom no age was reported.

SOURCE: Science Resources Studies Division. Cational Science Foundation, International Science and
Technology Data Update: 1991, NSF 91-309 (Washington, DC: NSF, 1991).

See figure 3-20. Science & Engineering Indicators - 1991



Science & Engineering Indicators - 1991 303..

Appendix table 3-23.
First university degrees, by field of study for selected countries: most current years

France' Italy Japan Sweden
United

Kingdom
United
States

West
Germany

Academic field (1987) (1987) (1988) (1987) (1988) (1988) (1988)

Number of degrees

All fields 55,705 75,810 382,828 30,75P 70,306 1,006,033 74,458

Natural science and engineering 26,606 23,423 102,911 3,796 25,990 196,934 26,081

Natural sciences 12,030 10,112 13,388 1,033 15,858 108,784 13,393

Engineering 14,576 10,295 76,362 2,236 8,839 70,406 10,444

Agriculture NA 3,016 13,161 527 1,293 14,331 2,244

All others 29,099 52,387 279,917 26,963 44,316 809,099 48,377

Percentage distribution among fields

All fields 100.0 100.00 100.0 100.00 100.0 100.0 100.0

Natural science and engineering 47.8 30.9 26.9 12.3 37.0 19.6 35.0

Natural sciences 21.6 13.3 3.5 3.4 22.6 10.8 18.0

Engineering 26.2 13.6 19.9 7.3 12.6 7.0 14.0

Agriculture NA 4.0 3.4 1.7 1.8 1.4 3.0

All others 52.2 69.1 73.1 87.7 63.0 80.4 65.0

NA = not separately available

NOTE: The natural sciences include physical and earth sciences, biological sciences, mathematics, and computer sciences. For France only, agriculture
is includ,d under the natural sciences.

'Data are based on maitrise degrees and engineering degrees. French engineering degrees are equivalent to U.S. masters degrees.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update: 1991, NSF 91-309
(Washington. DC: NSF, 1991).

See figure 0-14 in Overview. Science & Engineering Indicators - 1991
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Appendix table 3-24.
Doctorates granted, by field of study for selected countries: most current years

France' Italy Japan' Sweden
United

Kingdom'
United
States

West
Germany

Academic field (1987) (1987) (1988) (1987) (1988) (1988) (1988)

Number of degrees

All fields 7,965 2,145 9,156 956 7,588 33,456 17,321

Natural science and engineering .. 4,721 939 3,099 384 2,868 14,620 6,106

Natural sciences 4,439 518 837 191 1,312 9,415 4,275

Engineering 282 332 1,547 143 1,312 4,190 1,381

Agriculture NA 89 715 50 244 1,015 450

All others 3,244 1,206 6,057 572 4,720 18,836 11,215

Percentage distribution among fields

All fields 100.0 100.0 100.0 100 100.0 100.0 100.0

Natural science and engineering 59.3 43.8 33.8 40.2 37.8 43.7 35.3

Natural sciences 5.3.7 24.1 9.1 20.0 17.3 28.1 24.7

Engineering 3.5 15.5 16.9 15.0 17.3 12.5 8.0

Agriculture NA 4.1 7.8 5.2 3.2 3.0 2.6

All others 40.7 56.2 66.2 59.8 62.2 56.3 64.7

NA = not separately available

NOTE: The natural sciences include physical and earth sciences, biological sciences, mathematics, and computer sciences. For France only, agriculture
is included under the natural sciences.

'Data include the 3'eme Cycle and Docteur ingenieur degrees, which are somewhat less than a Ph.D., and the Docteur d'etat, which is more than aPh.D.
France plans to grant a Ph.D.-level doctorate in the future.

'Ninety-four percent of "all other" Japanese doctorates are in health-related fields. Computer science is not a separate degree and is normally included in
engineering.

'Data include Ph.D.-level and higher doctorates.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update: 1991, NSF 91-309
(Washington, DC: NSF, 1991).

Scionce & Engineering Indicators 1991
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Appendix table 4-1.
GNP and GNP implicit price deflators: 1960-92

GNP implicit price deflators GNP

Calendar year Fiscal year Calendar year Fiscal year

Billions of dollars

1960 0.3095 0.3111 515.3 507.8
1961 0.3124 0.3144 533.8 519.0
1962 0.3194 0.3200 574.7 556.7
1963 0.3240 0.3258 606.9 588.6
1964 0.3293 0.3305 649.8 629.4
1965 0.3378 0.3375 705.1 673.6
1966 0.3496 0.3474 772.0 740.5
1967 0.3594 0.3593 816.4 793.6
1968 0.3773 0.3719 892.7 852.4
1969 0.3978 0.3920 964.0 929.5

1970 0.4203 0.4148 1,015.5 990.5
1971 0.4438 0.4366 1,102.7 1,057.1

1972 0.4649 0.4606 1,212.8 1,151.2
1973 0.4954 0.4835 1,359.3 1,285.5
1974 0.5396 0.5216 1,472.8 1,417.0
1975 0.5931 0.5752 1,598.4 1,523.5
1976 0.6307 0.6208 1,782.8 1,699.6
1977 0.6728 0.6703 1,990.5 1,935.8
1978 0.7222 0.7172 2,249.7 2,173.4
1979 0.7857 0.7790 2,508.2 2,452.2

1980 0.8572 0.8474 2,732.0 2,667.7
1981 0.9396 0.9321 3,052.6 2,986.2
1982 1.0000 1.0000 3,166.0 3,141.5
1983 1.0386 1.0423 3,405.7 3,322.4
1984 1.0773 1.0819 3,772.2 3,695.7
1985 1.1095 1.1153 4,014.9 3,950.9
1986 1.1382 1.1451 4,231.6 4,184.3
1987 1.1743 1.1803 4,515.6 4,428.1
1988 1.2133 1.2162 4,873.7 4,783.2
1989 1.2631 1.2674 5,200.8 5,130.9

1990 1.3161 1.3182 5,465.1 5,405.6
1991 1.3741 1.3766 5,689.4 5,615.8
1992 1.4283 1.4329 6,094.9 5,985.5

NOTES: Calendar year deflators were taken directly from sources cited below. Fiscal year deflators were
calculated from quarterly data in the same sources. Data are as of February 4. 1991.

SOURCES: Science Resources Studies Division, National Science Foundation, unpublished tabulations:
Bureau of Economic Analysis, Survey of Current Business (Washington, DC: Department of Com,nerce,
monthly series): and Office of Management and Budget, unpublished tabulations.
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Appendix table 4-2.
U.S. R&D expenditures, by performing sector and source of funds: 1960-91
(page 1 of 2)

[Performing
sector]

[Source
of funds]

Total
U.S.

Federal
Gov't Industry Universities and colleges (U&C)

U&C
FFRDCs Nonprofit institutions

Federal
Gov't' Total

Federal
Gov't Industry Total

Federal
Gov't'

Non-Fed.
Industry gov't

U&C
own

Non-
profits

Federal
Gov't' Total

Federal
Gov't.' Industry

Non-
profits

Millions of current dollars

1960 13,520 1,723 10,509 6,081 4,428 646 405 40 85 64 52 360 282 166 48 68

1 961 14,320 1,878 10,908 6,240 4,668 763 500 40 95 70 58 410 361 226 49 86

1962 15,392 2,096 11,464 6,435 5,029 904 613 40 106 79 66 470 458 295 54 109

1 963 17,059 2,279 12,630 7,270 5,360 1,081 760 41 118 89 73 530 539 365 55 119

1 964 18,854 2,838 13,512 7,720 5,792 1,275 917 40 132 103 83 629 600 433 55 112

1 965 20,044 3,093 14,185 7,740 6,445 1,474 1,073 41 143 124 93 629 663 477 62 124

1 966 21,846 3,220 15,548 8,332 7,216 1,71 5 1,261 42 156 148 108 630 733 525 70 138

1 967 23,146 3,396 16,385 8,365 8,020 1,921 1,409 48 164 181 119 673 771 552 74 145

1 968 24.605 3,494 17,429 8,560 8,869 2,149 1,572 55 172 218 132 719 814 582 81 151

1 969 25,629 3,501 18,308 8,451 9,857 2,225 1,600 60 197 223 145 725 870 616 93 161

1" iii 26.134 4.079 18,067 7,779 10,288 2.335 1,647 61 219 243 165 737 916 649 95 172

, 971 26.676 4,228 18,320 7,666 10,654 2,500 1,724 70 255 274 177 716 912 630 98 184

1 972 28.476 4,589 19,552 8,017 11,535 2,630 1,795 74 269 305 187 753 952 653 101 198

1 973 30,718 4.762 21,249 8,145 13,104 2,884 1,985 84 295 318 202 817 1,006 690 105 211

1974 32.863 4,911 22,887 8,220 14,667 3,022 2,032 95 308 368 219 865 1,178 822 115 241

1975 35,213 5,354 24,187 8.605 15,582 3,409 2,288 113 332 417 259 987 1,276 875 125 276

1 976 39,018 5,769 26,997 9,561 17,436 3,729 2,512 123 364 446 285 1,147 1,376 925 135 316

1977 42, 783 6,012 29,825 10,485 19,340 4,067 2,726 139 374 514 314 1,384 1,495 987 150 358

1978 48.128 6,810 33,304 11,189 22,115 4,625 3,059 170 414 623 359 1,717 1,672 1,100 165 407

1 9/9 54,953 7.418 38,226 12,518 25,708 5,380 3,604 194 476 738 368 1,935 1,994 1,350 180 464

1980 62.610 7.632 44,505 14,029 30,476 6.077 4.104 236 49r 837 403 2,246 2.150 1,450 200 500

1981 71.868 8,426 51,810 16,382 35,428 6,846 4,565 291 546 1,008 644392 2 2,300 1,550 225 525

1982 80,018 9.141 58.650 18,545 40,105 7,323 4.763 337 616 1,115

2:484769

2,425 1 .650 250 525

1 983 89,139 10.582 65,268 20,680 44,588 7,877 4,983 388 626 1,303 577 2,737 2.675 1,850 275 550

1 984 . 101,139 11.572 74,800 23,396 51,404 8,617 5,423 475 690 1,413 615 3,150 3,000 2.100 325 575

1 985 113.818 12,945 84,239 27,196 57,043 9,686 6,056 559 754 1,622 695 3.523 3,425 2,400 375 650

1986 119,529 13.535 87.823 27,891 59,932 10.926 6,702 699 916 1 .873 735 3,895 3,350 2,250 425 675

1987 125,352 13.413 92.155 30,752 61,403 12.153 7,333 789 1,024 2,176 831 4,206 3,425 2,200 450 775

1983
1989

133,741
140,486

14,281
15,121

97,889
101,599

32,306
31,366

65,583
70.233

13,465
14,987

8,181
8.972

870
984

1.107
1,239

2,367
2,710

941

1,083
4,531
4,729

3.575
4.050

2,200
2.500

5 8

1990 (prpl ) . 145.450 16.100 104,200 31,200 73,000 16.000 9.250 1,100 1,350 3,100 1,200 4,800 4,350 2.650 600 1,100

1991 (est 1 151.600 16,400 108,450 32,300 76,150 17,200 9,650 1,2E0 1,500 3,450 1,350 4,850 4,700 2,800

(continued)
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Appendix table 4-2. (i)

U.S. R&D expenditures, by performing sector and source of funds: 1960-91
*age 2 of 2)

0.

go

rnz
' co

z.rb
rb-.
z'

, co
: 5..

: a
6.

[Performing
sector)

[Source
of funds]

Total
U.S.

Federal
Gov't

Federal
Gov't

Industry Universities and colleges (U&C)
U&C

FFRDCs Nonprofit institutions

Total
Federal
Gov't' Industry Total

Federal
Gov't'

Non-Fed.
Industry gov't

U&C
own

Non-
profits

Federal
Gov't' Total

Federal
Gov't Industry

Non-
profits

Millions of constant 1982 dollars'
1960 43.639 5,539 33.955 19,648 14,307 2,077 1,302 129 273 206 167 1,157 911 536 155 220 : tu

. ET

1961 45,777 5.973 34,917 19,974 14,942 2,427 1,590 127 302 223 184 1,304 1,156 723 157 275 ti)

1962 48,171 6,551 35,892 20.147 15,745 2.825 1,916 125 331 247 206 1,469 1,434 924 169 341 1 t

1963
1964

52,583
57 203

6.994
8.587

38,981
41 .032

22,438
23,444

16,543
17,589

3,318
3,858

2,332
2,775

126
121

362

399

273
312

224
251

1,627
1903,

1,664
1,822

1,127
1,315

170

167
367
340

, (c
. co

.....

1965 59.351 9.165 41.992 22,913 19.079 4,368 3,179 121 424 367 276 1,864 1,963 1,412 184 367

1966 62,589 9.269 44,474 23,833 20,641 4,937 3,630 121 449 426 311 1,813 2,097 1,502 200 395

1967 64,409 9.453 45,590 23,275 22,315 5,347 3,922 134 457 504 331 1,873 2,145 1,536 206 403

1968 65.458 9,395 46,194 22,688 23,506 5,778 4,227 148 462 586 355 1,933 2,157 1,543 215 400

1969 64,668 8.932 46,023 21,244 24,779 5,677 4,082 153 503 569 370 1,850 2,187 1,549 234 405

1970 62.403 9.833 42,986 18,508 24,478 5.629 3,970 147 528 586 398 1,777 2,179 1,544 226 409

1971 60.384 9.684 41 280 17,274 24,006 5,726 3,949 160 584 628 405 1,640 2.055 1,420 221 415

1972 61.412 9.963 42,056 17,245 24,812 5,710 3,897 161 584 662 406 1,635 2,048 1,405 217 426

1973 62,427 9,849 42,893 16,441 26,451 5,965 4.106 174 610 658 418 1,690 2.031 1,393 212 426

1974 61.466 9.416 42.415 15,234 27,181 5,794 3,896 182 591 706 420 1,658 2,183 1,523 213 447

1975 59,882 9.308 40,781 14.509 26.272 5,926 3,978 196 577 725 450 1,716 2,151 1,475 211 465

1976 62,134 9,293 42,805 15,159 27,645 6,007 4,046 198 586 718 459 1,848 2,182 1,467 214 501

1977 63.653 8.969 44.330 15,584 28,746 6,067 4.067 207 558 767 468 2,065 2,222 1,467 223 532

1978 66.768 9.495 46,115 15,493 30,622 6,449 4,265 237 577 869 501 2,394 2,315 1 ,523 228 564

1979 70,104 9,523 48,652 15,932 32,720 6,907 4,627 249 611 947 472 2,484 2,538 1,718 229 591

1980 73.255 9.006 51.919 16,366 35,553 7,171 4,843 278 585 988 476 2,650 2,508 1,692 233 583

1'031 76.641 9.040 55.140 17.435 37,705 7,345 4,898 312 586 1,081 468 2,667 2.448 1.650 239 559

1982 80.018 9.141 58.650 18.545 40,105 7,323 4,763 337 616 1.115 492 2,479 2,425 1,650 250 525

1983 85.753 10,152 62,842 19.911 42.931 7,557 4,781 372 601 1,250 554 2,626 2,576 1,781 265 530

1984 93.790 10.696 69,433 21,717 47,716 7,965 5,012 439 638 1 ,306 568 2,912 2,785 1,949 302 534

1985
.

102.462 11.606 75,925 24,512 51,413 8,684 5.430 501 676 1,454 623 3,159 3,087 2,163 338 586

1986 104.866 11.820 77,160 24,504 52.655 9,542 5,853 610 800 1,636 642 3,401 2,943 1,977 373 593

1987 . 106,616 11.364 78.477 26.188 52,289 10,296 6.213 668 868 1,844 704 5,563 2,917 1,873 383 660

1988
.

110,166 11,742 80,680 26.627 54,053 11,072 6,727 715 910 1,946 774 3,726 2,947 1 ,813 412 721

1989 . 111,129 11 .931 80.436 24.833 55.604 11,825 7,079 776 978 2,138 854 3,731 3,206 1,979 435 792

1990 (pre] I . 110.470 12.213 79,173 23.706 55,467 12,137 7,017 834 1,024 2.352 910 3.641 3.305 2,014 456 836

1991 (es;t ) 110,277 11.914 78,924 23,506 55,418 12.495 7.010 908 1,090 2.506 981 3,523 3,420 2.038 473 910

NO I t ; Data dre bdsed on annual reporP; by performers except for the nonprofit sector, for which data are estimated. Expenditures for federally funded research and development centers (FFRDCs) administered

by ,nde,:try .ind nonprofit instutitions are included in the totals of the respective sector.

lor ii lunds used by Federal Goverrunent from Federal sources.

If fiDC's administered by individual uruversities and colleges arid by university consortia. In 1989, 99 percent of total funds used were horn Federal sources.

(;ee appendix table 4 1 for GNP implicit price deflators used to convert curient dollars to constant 1982 dollius.

SOURCI-S Science Resources Studies Division. National Science Foundation, National Patterns of R&D Resources: 1990. Final Report, NSF 90-316 (Washington, DC: NSF. 1990). and unpublished tabulations

See figure 4.1 mid text le,4- and figure 0.6 in Overview. Science & Eng:neenng Indicators 1991
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300 Appendix A. Appendix Tables

Appendix table 4-3.
National expenditures for total R&D, by source of funds and performer: 1970-91

Total

Source of funds Performer

Federal
Government Industry

Universities
& colleges.

Other
nonprofits

Federal
Government Industry

Universities
& colleges

U&C
FFRDCs

Other
nonprofits

Millions of current dollars

1970 26 ,134 14,891 10,444 462 337 4,079 18,067 2,335 737 916

1971 26,676 14.964 10,822 529 361 4,228 18,320 2500, 716 912

1972 28,476 15,807 11,710 574 385 4,589 19,552 2,630 753 952

1973 30,718 16,399 13,293 613 413 4,762 21,249 2,884 817 1,006

1974 32,863 16,850 14,877 676 460 4,911 22,887 3,022 865 1,178

1975
1976

35,213
39,018

18,109
19,914

15,820
17,694

749
809

535
601

5,354
5,769

24,187
26,997

3,409
3729,

987
1,147

1,276
1,376

1977 42,783 21,594 19,629 888 672 6 .012 29,825 4,067 1,384 1,495

1978 48.128 23,875 22,450 1,037 766 6,810 33,304 4,625 1,717 1,672

1979 54,953 26,825 26,082 1,214 832 7,418 38,226 5,380 1,935 1,994

1980 62,610 29,461 30,912 1,334 903 7,632 44,505 6.077 2,246 2,150

1981 71,868 33,409 35,944 1,554 961 8,426 51,810 6,846 2.486 2,300

1982 80,018 36,578 40,692 1,731 1,017 9,141 58,650 7,323 2,479 2,425

1983 89,139 40,832 45,251 1,929 1,127 10,582 65,268 7,877 2,737 2,675

1984 101,139 45,641 52,204 2,104 1,190 11.572 74,800 8,617 3,150 3,000

1985 113,818 52.120 57,977 2,376 1,345 12,945 84,259 9,686 3,523 3.425

1986 119,529 54,273 61,056 2,790 1,410 13,535 87,823 10,926 3,895 3,350

1987 125,352 57,904 62,642 3.200 1,606 13,413 92,155 12,153 4,206 3,425

1988 133,741 61,499 66,953 3,473 1,816 14,281 97,889 13,465 4,531 3,575

1989 140,486 62,688 71,767 3,948 2,083 15,121 101,599 14.987 4,729 4,050

1990 (prel.) . . 145.450 64,000 74,700 4.450 2,300 16.100 104,200 16,000 4,800 4,350

1991 (est,) . . 151,600 66,000 78,050 4,950 2,600 16,400 108,450 17,200 4,850 4,700

Millions of constant 1982 dollars'

1970 62,403 35,632 24,851 1,114 807 9,833 42,986 5,629 1,777 2,179

1971 60,384 33,965 24,387 1,212 820 9,684 41,280 5,726 1,640 2,055

1972 61,412 34,144 25,190 1,246 832 9,963 42,056 5,710 1,635 2,048

1973 62,427 33,478 26,837 1,268 844 9,849 42,893 5,965 1,690 2,031

1974 61,466 31,727 27,577 1,296 867 9,416 42,415 5,794 1,658 2,183

1975 59,882 30,985 26.679 1.302 916 9,308 40,781 5,926 1,716 2,151

1976 62,134 31,813 28,058 1,303 960 9,293 42,805 6,007 1,848 2,182

1977 63,653 32.152 29,176 1,325 1,001 8,969 44,330 6.067 2,065 2,222

1978 66,768 33.171 31,087 1,446 1,064 9,495 46,115 6,449 2,394 2,315

1979 70,104 34,284 33,198 1,558 1,063 9,523 48,652 6,907 2,484 2,538

1980 73,255 34,557 36,065 1,574 1,059 9,006 51,919 7.171 2,650 2,508

1981 76,641 35,690 38,257 1,667 1,027 9,040 55,140 7,345 2,667 2,448

1982 80,018 36.578 40,692 1,731 1,017 9,141 58,650 7,323 2,479 2,425

1983 85,753 39,251 43,568 1,851 1,083 10,152 62,842 7,557 2.626 2.576

1984 93,790 42,286 48,456 1.945 1,102 10,696 69,433 7,965 2,912 2,785

1985 102,462 46,870 52,252 2,130 1,209 11,606 75,925 8,684 3,159 3,087

1986 104,866 47,555 53,639 2,436 1,235 11.820 77,160 9,542 3,401 2,943

1987 106,616 49,201 53,341 2,711 1,364 11,364 78,477 10,296 3,563 2,917

1988 110,166 50,635 55,181 2.856 1,495 11,742 80,680 11,072 3,726 2.947

1989 111,129 49,553 56.815 3.115 1,646 11,931 80,436 11,825 3,731 3,206

1990 (prel.) . 110,470 48,591 56,757 3,376 1,746 12,213 79,173 12,137 3,641 3,305

1991 (est.) . . . 110,277 47,991 56,799 3,596 1,890 11,914 78,924 12,495 3,523 3,420

NOTES: Data are based on annual reports by performers except for the nonprofit sector, for which data are estimated. Expenditures for federally funded research and

development centers (FFRDCs) administered by industry and nonprofit institutions are included in the totals of the respective sector.

'Includes state and local government funds to the university and college sector.

,FFIRDCs administered by individual universities and colleges (U&C) and by university consortia.

'See append'v table 4-1 for GNP implicit price deflators used to convert currentdollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division. National Science Foundation, National Patterns of R&D Resources.' 1990, Final Report. NSF 90-316 (Washington.

DC: NSF. 1990); and unpublished tabulations.

See figure 4,-2.
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Appendix table 4-4.
National expenditures for basic research, by source of funds and performer: 1970-91

Total

Source of funds Performer

Federal
Government Industry'

Universities Other
& colleges nonprofits

Federal
Government Industry

Universities
& colleges

U&C Other
FFRDCs' nonprofits

Millions of current dollars
1970 3,531 2.471 528 350 182 559 602 1,796 269 305

1971 3,652 2,509 547 400 196 566 590 1914, 260 322

1972 3,801 2,605 563 415 218 597 593 2,022 244 345
1973 3,945 2,708 605 408 224 608 631 2,053 296 357
1974 4,343 3,017 650 431 245 696 699 2,153 390 405

1975 4,738 3,269 705 478 286 734 730 2,410 439 425

1976 5,130 3,589 769 475 297 786 819 2,549 512 464
1977 5,735 4,021 850 527 337 914 911 2.800 600 510

1978 6,692 4,745 964 605 378 1.029 1,035 3,176 867 585
1979 7,570 5,350 1,092 716 412 1,089 1,158 3,628 1,015 680

1980 8,432 5,909 1,271 796 456 1,182 1,325 4,041 1,124 760

1981 9,598 6,617 1,589 911 481 1,302 1.614 4,596 1,261 825

1982 10,433 7.098 1,833 1,002 500 1,465 1,904 4.882 1.317 865

1983 11,634 7,769 2,121 1,173 571 1.690 2,223 5,304 1,472 945

1984 12,909 8,489 2,566 1.257 597 1,861 2,608 5,735 1,675 1,030

1985 14,198 9,174 2.885 1,454 685 1,923 2.862 6,559 1,749 1,105

1986 16,590 9.991 4.132 1,739 728 2,019 4,047 7,495 1.859 1,170

1987 17,999 10,867 4.289 2,011 832 2.046 4,323 8.398 2,012 1,220

1988 18,673 11,542 4,110 2,101 920 2,050 4,244 8,827 2,222 1,330

1989 19,885 12,772 3,737 2.335 1,041 2,371 4.000 9,685 2,329 1,500

1990 (prel.) . . . 21,920 13,650 4,530 2,600 1,140 2,600 4.750 10,350 2.500 1,720

1991 (est.) . .. . 23,500 14,450 4,875 2.900 1,275 2.800 5,050 11,100 2,600 1,950

Millions of constant 1982 dollars'
1970 8,483 5,946 1,257 844 436 1,347 1,432 4,329 648 726

1971 8,331 5,734 1,234 916 446 1,296 1,329 4,384 595 726

1972 8,233 5,649 1,212 901 472 1,296 1,276 4,390 530 742

1973 8,110 5,583 1,224 844 459 1258 1,274 4,246 612 721

1974 8.256 5,758 1,208 826 463 1,334 1.295 4,128 748 751

1975 8,176 5.662 1.192 831 491 1,276 1,231 4.190 763 717

1976 8,231 5,770 1,221 765 475 1,266 1,299 4,106 825 736

1977 8,548 5.996 1,264 786 502 1,364 1,354 4,177 895 758

1978 9,315 6,610 1,336 844 525 1,435 1,433 4,428 1.209 810

1979 9,698 6,861 1,391 919 527 1,398 1,474 4,657 1,303 865

1980 9,922 6,963 1,485 939 535 1,395 1,546 4,769 1,326 887

1981 10,277 7.092 1,693 977 514 1,397 1,718 4,931 1,353 878

1982 10,433 7,098 1,833 1,002 500 1,465 1,904 4,882 1,317 865

1983 11,172 7,457 2.041 1,125 549 1,621 2,140 5,089 1,412 910

1984 11,946 7,851 2,381 1,162 553 1,720 2.421 5,301 1,548 956

1985 12,749 0.231 2,599 1,304 615 1,724 2.580 5,881 1,568 996

1986 14,515 8,732 3,628 1,519 637 1,763 3,556 6,545 1,623 1,028

1987 15,273 9,213 3,650 1,704 706 1.733 3,681 7,115 1.705 1,039

1988 15,365 9,494 3,386 1.728 757 1,686 3,498 7,258 1,827 1,096

1989 15,704 10.082 2,957 1,842 822 1,871 3,167 7,642 1,838 1,188

1990 (prel.) . . 16,636 10,357 3,441 1972, 865 1,972 3,609 7,851 1,896 1,307

1991 (est.) . . . 17,081 10.500 3,547 2,107 927 2.034 3,675 8,064 1,889 1,419

NOTES: Data are based on annual reports by performers except for the nonprofit sector. for which data are estimated. Expenditures for federally funded research and
development centers (FFRDCs) administered by industry and nonprofit institutions are included in the totals of the respective sector.

'Imputation procedure for industry funding of industry basic research changed for 1986 and later years. These data may not be comparable to data for 1985 and
earlier years.

'Includes state and local government funds to the university and college sector.

'FFRDCs administered by individual universities and colleges (U&C) and by university consortia.

`See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division, National Science Foundation. National Patterns of R&D Resources: 1990. Final Report, NSF 90-316 (Washington,
DC: NSF, 1990): and unpublished tabulations.

See figures 4-2 and 43 and figure 0-4 in Overview. Science & Engineering Indicators 1991
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Appendix table 4-5.
National expenditures for applied research, by source of funds and performer: 1970-91

Total

Source of funds Performer

Federal
Government Industry

Universities Other Federal
& colleges' nonprofits Government Industry

Universities
& colleges

U&C
FFRDCs'

Other
nonprofits

Millions of current dollars

1970 5,738 3,097 2,427 99 115 1,345 3,427 427 216 323

1971 5,759 3,028 2,494 115 122 1,322 3,415 474 210 338

1972 6,011 3,131 2,615 140 125 1,387 3,514 524 221 365

1973 6,598 3,395 2,891 172 140 1,480 3,825 713 227 353

1974 7,189 3,495 3,332 203 159 1,574 4.288 736 178 413

1975 7,812 3,889 3,517 224 182 1,730 4,570 851 213 448

1976 8,983 4,471 4,003 282 227 2093, 5,112 1,016 264 498

1977 9,651 4,692 4,410 303 246 2,044 5.636 1,067 371 533

1973 10,725 5,110 4,981 354 280 2.191 6,300 1,213 431 590

1979 12,272 5,768 5,796 413 295 2,392 7,225 1,477 468 710

1980 13,860 6,408 6,693 445 314 2,484 8,450 1,698 503 725

1981 16,605 7,198 8.534 534 339 2,732 10,699 1,865 529 780

1982 18,510 7,973 9,566 608 363 2,729 12,323 2,037 606 815

1983 20,694 9,181 10,506 621 386 3,020 13,927 2,146 726 875

1984 22,851 9,927 11.809 700 415 2,903 15,765 2,459 804 920

1985 25,831 11,408 13,216 756 451 3,133 18,255 2,673 835 935

1986 27,566 10.808 15,436 856 466 3,141 19,760 2,911 774 980

1987 28,096 11,059 15.541 965 531 3,392 19,813 3,168 693 1,030

1988 29,875 11,470 16,651 1,129 625 1288 20,757 3,993 697 1,140

1989 33,300 12,453 18,784 1,337 726 3,611 23,086 4,581 722 1,300

1990 (xel.) . . . . 33,895 12,675 18,870 1,530 820 3.800 23,050 4,845 750 1,450

1991 (est.) . . . . 35,390 13,100 19,655 1.700 935 4,100 23,900 5,220 700 1,470

Millions of constant 1982 dollars.'
1970 13.714 7,426 5,775 239 275 3,242 8,154 1,029 521 768

1971 13,051 6,891 5.620 263 277 3.028 7.695 1.086 481 762

1972 12,972 6,773 5.625 304 270 3,011 7,559 1,138 480 785

1973 13,439 6,961 5,837 356 285 3,061 7,721 1,475 469 713

1974 13.482 6.617 6,177 389 299 3,018 7,947 1.411 341 765

1975 13.318 6,686 5,932 389 311 3,007 7,705 1.479 370 755

1976 14,328 7,163 6,348 454 363 3,371 8,105 1,637 425 790

1977 14,364 6,991 6,555 452 366 3.049 8,377 1,592 553 792

1978 14,888 7,107 6,898 494 389 3,055 8.723 1,691 601 817

1979 15,667 7,382 7378 530 377 3,071 9,196 1,896 601 904

1980 16,232 7,530 7,809 525 368 2,931 9,858 2,004 594 846

1981 17,717 7,693 9,083 573 362 2,931 11,387 2,001 568 830

1982

1983

18,510
19.905

7,973
8.823

9,566
10.115

608
596

363
371

22:979297 1132:430293 2.037
2,059

606
697

815
842

1984 21,187 9,194 10,961 647 384 2.683 14.634 2,273 743 854

1985 23,250 10.256 11.911 678 405 2.809 16,453 2,397 749 843

1986 24,183 9,466 13,561 748 408 2,743 17,361 2.542 676 861

1987 23,894 9,392 13,233 818 451 2.874 16,872 2,684 587 877

1988 24.607 9,441 13,723 928 515 2,704 17,108 3,283 573 940

1989 26,340 9,841 14,870 1,055 574 2,849 18.277 3,614 57C 1,029

1990 (prel ) . . , . 25.742 9,622 14.337 1,161 623 2,883 17,514 3.675 569 1,102

1991 (est.) . . . . 25.742 9.524 14,303 1,235 680 2,978 17.393 3.792 509 1,070

NOTES: Data are based on annual reports by performers except for the nonprofit sector. for which data are estimated Since 1978 the applied researchtlevelopment
split for the academic sector has baen eshmated. Expenditures for federally funded research and developmen p.nters (FFRDC5) administered by industry and
nonprofit institutions are included in the totals of the respective sector.

'Imputation procedure for industry funding of industry applied research changed for 1986 and later years. These data may not be comparable to data for 1985and

earlier years.

'Includes stale and local government funds to the university and college sector.

'FFRDCs administered by individual universities and colleges (U&C) and by university consortia.

'See appendix table 4-1 for GNP implicit pnce deflators used to convert current dollars h et, 'slant 1982 dollars.

SOURCES: Science Resources Studies Division. National Science Foundation. Nationa. Patterns of R&D Resources: 1990. Final 1-36;iort. NSF 90-316 (Washington.
DC: NSF. 1990): and unpubhshed tabulations.

See figures 4-2 and 4-3 and figure 0-4 in Overview. Science & Engineering Indicators 1991
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Appendix table 4-6.
National expenditures for development, by source of funds and performer: 1970-91

Total
Federal

Government

Source of funds

Universities
Industry' & colleges.

Other Federal
nonprofits Government Industry

Performer

Universities
& colleges

U&C
FFRDCs

Other
nonprofits

Millions of current dollars
1970 16,865 9,323 7,489 13 40 2,175 14,038 112 252 288

1971 17,265 9.427 7,781 14 43 2,340 14,315 112 246 252

1972 18,664 10,071 8,532 19 42 2,605 15,445 84 288 242

1973 20,175 10,296 9,797 33 49 2,674 16,793 118 294 296

1974 21,331 10,338 10,895 42 56 2,641 17,900 133 297 360

1975 22,663 10,951 11,598 47 67 2,890 18,887 148 335 403

1976 24,905 11,854 12,922 52 77 2,890 21,066 164 371 414

1977 27,397 12,881 14,369 58 89 3,054 23,278 200 413 452

1978 30,711 14,020 16,505 78 108 3,590 25,969 236 419 497

1979 35,111 15,707 19,194 85 125 3,937 29,843 275 452 604

1980 40,318 17,144 22,948 93 133 3,966 34' 30 338 619 665

1981 45,665 19,594 25,821 109 141 4,392 39,497 385 696 695

1982 51,075 21,507 29,293 121 154 4,947 44,423 404 556 745

1983 56,811 23,882 32,624 135 170 5,872 49,118 427 539 855

1984 65,379 27,225 37,829 147 178 6,808 56,427 423 671 1,050

1985 73,789 31,558 41,876 166 209 7,889 63,122 454 939 1,385

1986 75,373 33,474 41,488 195 216 8,375 64,016 520 1,262 1,200

1987 79,257 35,978 42,812 224 243 7,975 68,019 58/ 1,501 1,175

1988 85,193 38,487 46,192 243 271 8,943 72,888 645 1,612 1,105

1989 87,301 37,463 49,246 276 316 9,139 74,513 721 1,678 1,250

1990 (preL) . , . . 89,635 37,675 51,300 320 340 9,700 76,400 805 1,550 1,180

1991 (est.) . .. 92,710 38,450 53,520 350 390 9,500 79,500 880 1,550 1,280

Millions of constant 1982 dollars'
1970 40,206 22,260 17,818 31 95 5,243 33,400 270 607 685

1971 39,003 21,341 17,533 32 97 5,359 32,256 257 563 568

1972 40,206 21,722 18,352 41 90 5,656 33,222 182 625 521

1973 40,878 20,934 19,776 68 99 5,531 33,898 244 608 597

1974 39,728 19,351 20,191 81 105 5,064 33,173 255 569 667

1975 38,388 18,637 19,555 82 114 5,024 31,845 257 582 679

1976 39,574 18,880 20,489 84 122 4,655 33,401 264 598 656

1977 40,741 19,165 21,357 87 132 4,556 34,599 298 616 672

1978 42,565 19,453 22,854 109 150 5,006 35,958 329 584 688

1979 44,739 20,041 24,429 109 159 5,054 37,983 353 580 769

1980 47,101 20,065 26,771 110 156 4,680 40,516 399 730 776

1981 48,648 20,899 27,481 117 150 4,712 42,036 413 747 740

1982 51,075 21,507 29,293 121 154 4,947 44,423 404 556 745

1983 54,676 22,972 31,411 130 164 5,634 47,293 410 517 823

1984 60,657 25,241 35,115 136 165 6,293 52,378 391 620 975

1185 66,463 28,383 37,743 149 188 7,073 56,892 407 842 1,248

1986 66,167 29,357 36.450 170 190 7,314 56,243 454 1,102 1,054

1987 67,449 30,595 36,457 190 207 6,757 57.923 497 1,272 1,001

1988 70,194 31,700 38,071 200 223 7.353 60,074 530 1,325 911

1989 69,085 29,630 38,988 218 250 7,211 58,992 569 1,324 990

1990 (prel.) . . . . 68,092 28.612 38,979 243 258 7.358 58.050 611 1.176 897

1991 (est.) . . 67,454 27,967 38,949 254 284 6,901 57,856 639 1.126 932

TS. Data are based on annual reports by performers except for the nonprofit sector, for which data are estimated. Since 1978. the applied research/development
pLil lor the academic sector has been estimated. Expenditures for federally funded research and development centers (FFRDCs) administered by industry and

nonprofit institutions are included in the totals of the respective sector.

'Imputation procedure for industry funding of industry development changed for 1986 and later years. These data may not be comparable to data for 1985 and earlier

years.

'Includes state and local government funds to the university and college sector.

'FFRDCs administered by individual universities and colleges (U&C) and by university consortia.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division. National Science Foundation. National Patterns of R&D Resources: 1990. Final Report NSF 90-316 (Washington.
DC! NSF. 1990): and unpublished tabulations.

See figures 4-2 and 4-3 and figure 0-4 in Overview. Science & Engineering Indicators 1991
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Appendix table 4-7.
Industrial R&D, by character of work, industry classification, and source of funds: 1989

Industry

Total Basic Applied Development Not distributed

Total Federal Other Total Federal Other Total Federal Other Total Federal Other Total Federal Other

Millions of current dollars

Estimated total 101.599 31,366 70.233 4.000 1,095 2,905 23.086 4,825 18,261 74,513 25,446 49,067 0 0 0

Reported total 101,599 31,366 70,233 2.992 837 2,155 17,356 3,665 13,691 55,555 17 18 37,607 25,696 8,916 16,780

Food. kindred, and tobacco products D D 1,283 19 0 19 D D 368 D D 622 274 0 274

Tti dies and apparel. D D s D D s o s D D s 54 0 54

Lumber. wood products. and furniture 170 o 170 0 0 D 39 0 39 68 0 68 46 0 46

Paper and allied products 683 0 683 29 0 29 121 0 121 323 0 323 210 0 210

Chemicals and allied products 11.537 87 11.450 534 8 526 3,350 S 3,333 4,118 57 4,061 3,535 5 3,530

Industrial chemicals . . 4,056 84 3.972 227 8 219 D D 1,095 1,516 57 1,460 1,203 4 1,198

Drugs and medicines D D 5.206 s o s D D 1,378 D D 1,629 1,926 1 1,925

Other chemicals 0 D 2.271 33 0 33 D D 860 0 D 972 406 0 406

f 'etroleurn refining and extraction 2.066 s 2050, D D 72 673 1 672 653 3 650 667 11 656

Rubber products D D 679 17 0 17 D D 81 D D 191 390 0 390

Stow. clay, arid glass products D D 861 D D 170 D D 394 0 D 245 52 0 52

Primary metal; 768 34 734 s o s D D 199 341 20 321 147 0 147

Fabricated metal products ...... . 788 135 653 23 0 23 D D 109 376 75 301 267 47 220

Mactunery D D 13.216 D D s D D 2.722 D D S 1.579 80 1,499

Office computing. & acctg machines . D D 10.533 D D s D D 2.220 D D S 1,079 0 1,079

Other machinery. except electrical 2.789 106 2.683 50 0 50 509 7 502 1,730 19 1.711 500 80 420

Electrical equipment . 16.768 5.222 11,546 378 10 368 2,894 568 2.326 10,001 3.442 6,559 3,495 1.202 2,293

Radio arid TV receiving equipment 85 0 85 s o s 0 0 D D 0 D 51 0 51

Communication equipment 10.508 4,666 5,842 D D D 1,161 D D 7,341 3.158 4.183 1.742 1,055 687

Electronic components 4.884 522 4.362 D D 39 D D 1.387 D D 1,720 1,350 134 1,216

Other electrical equipment 1.292 35 1,257 D 0 D 215 0 215 D D D 355 14 341

Transportation equipment 36.863 21.763 15.100 478 336 142 3,129 1.688 1,461 22.475 12,665 9.810 10.781 7.094 3,687

Motor vehides irld other
transportation equipment 11.209 2.129 9.080 65 0 65 685 92 593 6.775 1.185 5.590 3,684 852 2,832

Aircraft and rniss'ids 25.654 19,634 6.020 413 336 77 2,444 1 576 868 15,700 11,480 4.220 7.097 6,242 855

Prnlewonal and scientific instruments 5.763 125 5.638 196 688 21 667 D D 1,991 2,798 14 2.784

Other manufacturing industrie D D 402 28 0 28 D D 51 D D 249 74 o 74

Nonmanufacturing industr 8.273 2.716 5.557 720 466 254 1.881 768 1.113 4.348 1.022 3.326 1 324 460 864

D wit,filield to avoid disclosing operations of individual companies
S withheld because of imputation of more than 50 percent

SOURCE: Science Resources Studies Division. National Science Foundation. unpublished tabulations.
Science & Engineering Indicators 1991
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Appendix table 4-8.
Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-91
(page 1 of 4)

313

Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991(est.)

Total research & development

Millions of current dollars

Total, all agencies 29,830 33,104 36,433 38,712 42,225 48,360 51,412 55,255 56,935 61,406 64,896 64,261

Dept. of Agriculture 688 774 797 848 866 943 929 948 1,017 1,038 1,112 1,224

Dept. of Commerce 343 328 336 335 358 399 399 402 389 398 434 527

Dept. of Defense 13,981 16,509 20,623 22,993 25,373 29,792 32,938 35,232 35,415 37,577 38,694 35,188

Dept, of Education 139 105 128 112 116 125 121 133 141 159 161 204

Dept. of Energy 4,754 4,918 4.708 4,537 4.674 4,966 4,688 4,757 5,036 5,193 5,545 6,057

Dept. of Health & Human Services . 3,780 3,927 3,941 4,353 4,831 5,451 5,658 6,609 7,158 7.903 8,474 9,336

National Institutes of Health 3,182 3.333 3,433 3,789 4,257 4,828 5,005 5,853 6,291 6,778 7,137 7,714

Dept. of Housing & Urban Develop . . . . 56 48 29 32 18 19 15 16 18 18 18 30

Dept. of the Interior 411 427 381 383 411 392 385 404 417 469 511 586

Dept. of Labor 138 62 25 20 16 13 10 22 36 35 27 29

Dept. of Transportation 361 416 310 348 448 429 386 324 304 303 366 414

Environmental Protection Agency 345 326 335 241 261 320 317 348 347 380 420 425

National Aeronautics & Space Admin . . 3,234 3,593 3,078 2,662 2,822 3,327 3,420 3,787 4,330 5.393 6,535 7,435

National Science Foundation 882 962 975 1,062 1,203 1,346 1,353 1,471 1,533 1,670 1,669 1,828

All other agencies 719 710 766 789 828 839 793 804 794 870 930 978

Basic research

Total, all agencies 4,674 5,041 5,482 6,260 7,067 7,819 8,153 8,944 9,474 10,602 11,277 12,382

Dept. of Agriculture 276 314 331 362 393 445 433 445 481 485 518 563

Dept, of Commerce 16 16 17 19 21 23 27 26 31 29 31 31

Dept. of Defense 540 604 687 786 848 861 924 908 877 948 948 1,022

Dept. of Education 18 21 14 14 12 15 5 3 4 4 5 7

Dept. of Energy 523 586 642 768 830 943 960 1,068 1,185 1,411 1,501 1,741

Dept. of Health & Human Services . 1,763 1,900 2,145 2,475 2,815 3,233 3.339 3,830 4,081 4.388 4,660 5,101

National Institutes of Health 1,642 1,767 2,021 2,313 2,625 3,018 3,119 3,577 3.795 4,053 4,251 4,634

Dept. of Housing & Urban Develop . 0 0 0 0 0 0 0 0 0 0 0 0

Dept. of the Interior 72 81 77 103 126 138 133 135 126 189 207 231

Dept. of Labor 4 4 7 5 5 3 1 1 1 1 6 6

Dept. of Transportation 0 1 1 1 4 1 1 0 0 0 0 0

Environmental Protection Agency 14 11 33 22 30 39 39 31 27 51 74 97

National Aeronautics & Space Admin 559 531 536 617 755 751 917 1,014 1,113 1,417 1,637 1,730

National Science Foundation 815 897 916 999 1,132 1.262 1,275 1,371 1,433 1,563 1.570 1,719

All other agencies 76 76 78 89 98 105 102 113 115 116 120 135

Applied research

Total, all agencies 6,923 7,172 7,541 7,993 7,911 8,315 8,349 8,999 9,1'76 10,163 10,427 11,563

Dept. of Agriculture 382 427 436 456 442 466 464 473 505 517 542 606

Dept. of Commerce 239 233 259 266 276 301 313 313 311 322 366 433

Dept. of Defense 1,721 1997, 2,266 2,437 2,201 2,307 2,303 2,440 2,362 2,708 2,590 2,662

Dept, of Education 70 33 56 62 69 77 91 104 107 118 120 150

Dept. of Energy 754 827 1,054 1,193 1,195 1,198 1,081 1,029 1.051 1,021 1,048 1,220

Dept. of Health & Human 3ervices . 1,570 1,592 1.461 1,545 1,652 1.796 1.851 2.195 2.416 2,700 2,901 3,218

National Institutes of Health 1,145 1,182 1,104 1,165 1,286 1,410 1,469 1,740 1,886 2,008 2,112 2,264

Dept. of Housing & Urban Develop . 20 17 10 11 6 7 5 6 6 6 7 11

Dept. of the Interior 283 289 275 255 254 231 235 747 266 253 270 315

Dept. of Labor 33 55 11 13 11 9 9 19 26 22 17 18

Dept. of Transportation 82 87 66 72 74 70 68 68 91 120 119 146

Environmental Protection Agency 232 208 211 152 142 176 179 246 241 223 242 246

National Aeronautics & Space Admin 1.051 876 871 928 955 1,033 1,152 1.256 1,219 1,461 1,424 1,734

National Science Foundation 58 59 57 63 71 84 78 99 100 108 99 109

All other agencies 429 472 508 541 564 560 520 503 475 584 682 695

(continued)
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Appendix table 4-8.
Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-91
(page 2 of 4)

Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 19901991(est.)

Development

Milhons of current dollars
Total, all agencies 18,233 20,891 23,410 24,458 27,246 32,226 34,910 37,313 38,285 40,640 43,192 40,316

Dept. of Agriculture 30 33 31 30 31 32 32 29 31 36 52 55

Dept. of Commerce 88 79 60 50 62 75 60 64 47 47 37 62

Dept. of Defense 11,719 13,908 17,670 19,770 22,324 26,623 29,711 31,884 32,176 33,921 35,155 31,504

Dept. of Education 52 51 58 36 35 33 26 26 30 37 37 47

Dept. of Energy 3,476 3,505 3,012 2,576 2,649 2,825 2,648 2,659 2,801 2,761 2,996 3,096

Dept. of Health & Human Services . . . 447 435 335 332 365 423 468 584 661 814 913 1,018

National Institutes of Health 394 385 309 311 347 400 418 536 610 717 773 817

Dept. of Housing & Urban Develop . . 36 31 19 21 12 12 10 11 12 12 12 19

Dept. of the Interior 57 57 30 25 31 22 17 22 24 27 34 40

Dept. of Labor 102 4 8 2 0 1 1 1 9 13 4 5

Dept. of Transportation 279 327 243 275 371 358 317 256 213 182 247 269

Environmental Protection Agency 100 107 92 66 89 106 100 71 80 107 104 83

National Aeronautics & Space Admin . . 1,624 2,186 1,671 1,117 1,113 1,544 1,351 1,518 1,999 2,515 3,474 3.971

National Science Foundation 8 6 2 0 0 0 0 0 0 0 0 0

All other agencies 214 162 180 159 166 173 170 188 202 168 128 148

R&D plant

Total. all agencies 1,556 1,486 1,390 1,298 1,787 1,821 1,539 1,846 2057, 2,967 2,385 3,398

Dept. of Agriculture 57 21 21 34 39 41 79 112 135 124 96 151

Dept. of Commerce 5 1 1 1 9 4 9 5 11 16 15 19

Dept. of Defense 208 278 291 313 529 531 286 477 436 615 518 509

Dept. of Education 0 0 0 0 0 1 7 21 5 9 9 7

Dept. of Energy 1,024 978 914 758 852 868 742 772 915 1043 1,015 1,233

Dept. of Health & Human Services . 31 24 25 48 31 42 38 37 20 131 87 245

National Institutes of Health 29 22 19 18 28 29 29 35 19 130 84 233

Dept. of Housing & Urban Develop . 0 0 0 0 0 0 0 0 0 0 0 0

Dept. of the Interior 8 3 1 2 5 4 4 12 9 12 11 15

Dept. of Labor 0 0 0 0 0 0 0 0 0 0 0 0

Dept. of Transportation 23 19 12 22 17 9 12 11 14 4,9 22 21

Environmental Protection Agency 0 0 0 0 0 0 0 0 0 0 0 13

National Aeronautics & Space Admin 159 116 114 101 244 234 275 309 428 853 526 949

National Science Foundation 19 15 2 3 45 74 53 61 57 119 64 206

All other agencies 23 31 10 17 14 13 33 28 32 26 24 30

R&D and R&D plant

Total. all agencies 31.386 34,590 37,822 40,010 44.012 50,180 52,951 57,101 58,992 64.373 67,281 67,659

Dept. of Agriculture 745 795 819 881 905 984 1,008 1,060 1,152 1,162 1,208 1.376

Dept. of Commerce 347 329 337 336 368 403 409 407 400 414 449 546

Dept. of Defense 14,189 16.786 20.913 23,305 25,902 30,322 33,224 35,709 35,851 38,192 39,212 35,698

Dept. of Education 139 105 128 112 116 126 128 154 141 168 170 211

Dept. cf Energy 5.778 5,896 5.622 5.294 5.526 5.834 5,431 5.529 5,951 6.236 6.560 7,289

Dept. ot Health & Human Services . . . 3.811 3.951 3.965 4,400 4.862 5,493 5,696 6.645 7,178 8,034 8,561 9,581

National Institutes of Health 3.211 3.356 3,453 3,807 4,285 4,857 5,035 5.889 6,310 6,908 7,221 7,947

Dept. of Housing & Urban Develop . . . 56 48 29 32 18 19 15 16 18 18 18 30

Dept. of the Interior 419 431 382 385 416 396 390 416 426 481 522 600

Dept. of Labor 138 62 25 20 16 13 10 22 36 35 27 29

Dept. of Transportation 385 434 322 370 465 438 398 336 318 322 387 435

Environmental Protection Agency 345 326 335 241 261 320 317 348 347 380 420 439

National Aeronautics & Space Admin . . 3,393 3,709 3.192 2.763 3,066 3,562 3,695 4.097 4,758 6,246 7,060 8,384

National Science Foundation . 901 976 977 1,065 1,248 1,419 1,407 1,532 1,590 1,789 1,733 2,034

All other agencies 741 741 775 805 842 851 825 832 826 896 954 1.008

(continued)
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Appendix table 4-8.
Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-91
(page 3 of 4)
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Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 (est.)

Total research & development

Millions of constant 1982 dollars'
Total, all agencies 35,202 35,517 36,433 37,140 39,028 43,359 44,898 46,813 46,815 48,450 47,143 46,682

Dept. of Agriculture 811 830 797 813 801 845 811 803 836 819 808 889

Dept. of Commerce 404 352 336 321 331 358 349 341 320 314 315 383

Dept. of Defense 16,499 17,712 20,623 22,059 23,452 26,711 28,764 29,849 29,120 29,649 28,109 25,562

Dept. of Education 165 113 128 107 107 112 106 112 116 125 117 148

Dept. of Energy 5,610 5,277 4,708 4,352 4,320 4,452 4,094 4,030 4,141 4,097 4,028 4,400
Dept. of Health & Human Services . . 4,461 4,213 3,941 4,176 4,465 4,887 4,941 5,599 5,886 6,236 6,156 6,782

National Insfitutes of Health 3,755 3,576 3,433 3,635 3,935 4,328 4,371 4,959 5,173 5,348 5,185 5,604
Dept. of Housing & Urban Develop . . 66 52 29 31 17 17 13 14 15 14 13 22

Dept. of the Interior 485 458 381 367 380 351 336 342 343 370 371 426

Dept. of Labor 163 67 25 19 15 12 9 18 30 28 20 21

Dept. of Transportation 426 446 310 334 414 385 337 275 250 239 266 301

Environmental Protection Agency 407 349 335 231 241 287 277 295 285 300 305 309

National Aeronautics & Space Admin 3,816 3,855 3,078 2,554 2,608 2,983 2,986 3,208 3,560 4,255 4,747 5,401

National Science Foundation 1,041 1,032 975 1,019 1,112 1,206 1,182 1,246 1,261 1,318 1,213 1,328

All other agencies 848 762 766 757 765 752 692 681 653 686 676 710

Basic research

Total, all agencies 5,516 5,409 5,482 6,006 6,532 7,010 7,120 7,578 7,790 8,365 8,554 8,995

Dept. of Agriculture 325 337 331 347 363 399 378 377 396 383 393 409

Dept. of Commerce 19 17 17 18 19 21 23 22 25 23 24 23

Dept. of Defense 638 648 687 754 784 772 807 769 721 748 719 743

Dept. of Education 21 22 14 14 11 13 4 3 3 3 3 5

Dept. of Energy 617 629 642 737 768 845 838 905 974 1,113 1,138 1,264

Dept. of Health & Human Services . . . .

National Institutes of Health
2080,

1,938
2,039
1,896

2,145
2,021

2,375
2,219

2,601
2,426

2,898
2,706

2,916
2,723

3,244
3,031

3,356
3,120

3,462
3,198

3,535
3,225

3,705
3,366

Dept. of Housing & Urban Develop . 0 0 0 0 0 0 0 0 0 0 0 0

Dept. of the Interior 84 87 77 99 116 124 116 114 104 149 157 168

Dept. of Labor 5 4 7 5 5 3 1 1 1 1 5 4

Dept. of Transportation 0 1 1 1 3 1 1 0 0 0 0 0

Environmental Protection Agency 16 11 33 21 27 35 34 26 22 40 56 70

National Aeronautics & Space Admin . . 660 570 536 592 697 673 801 859 915 1,118 1,242 1,256

National Science Foundation 962 962 916 959 1,047 1.131 1.114 1,162 1,178 1,233 1.191 1.249

All other agencies 89 81 78 85 91 94 89 95 95 92 91 98

Applied research

Total, all agencies 8.170 7,694 7,541 7,669 7,312 7,455 7,291 7,624 7,545 8,019 7,910 8,400

Dept. of Agriculture 451 458 436 437 409 417 405 401 415 408 411 441

Dept. of Commerce 281 250 259 255 255 270 273 265 256 254 278 315

Dept. of Defense 2,031 2.142 2,266 2,338 2,034 2,068 2,011 2,067 1,942 2,137 1965, 1,934

Dept. of Education 83 36 56 59 63 69 80 88 88 93 91 109

Dept. of Energy. 890 888 1,054 1,145 1,104 1,074 944 872 864 806 795 886

Dept. of Health & Human Services . . 1,853 1.708 1,461 1,483 1,526 1,610 1,616 1.859 1,987 2,130 2.201 2,337

National Institutes of Health 1,351 1,268 1,104 1,118 1,188 1,264 1,283 1,474 1,551 1,584 1,602 1,645

Dept. of Housing & Urban Develop . . 23 18 10 11 6 6 5 5 5 5 5 8

Dept. of the Interior 334 310 275 244 235 207 205 210 219 200 205 229

Dept. of Labor 38 58 11 12 10 8 8 16 21 17 13 13

Dept. of Transportation 97 94 66 69 69 63 59 58 75 9F 90 106

Environmental Protection Agency 273 223 211 146 132 158 157 208 198 176 183 179

National Aeronautics & Space Admin 1,240 940 871 890 882 926 1,006 1,064 1,002 1,153 1,080 1,260

National Science Foundation 69 63 57 60 65 75 68 84 82 85 75 79

All other agencies 507 506 508 519 521 502 454 426 391 461 518 505

(continued)
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Appendix table 4-8.
Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-91
(page 4 of 4)

Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991(est.)

Development

Millions of constant 1982 dollars'
Total, all agencies 21,516 22,414 23,410 23,465 25,183 28,894 30,487 31.612 31,480 32,065 32,765 29,288

Dept. of Agriculture 36 35 31 29 29 29 28 25 25 28 39 40

Dept. of Commerce 104 84 60 48 57 67 52 54 39 37 28 45

Dept. of Defense 13,829 14,922 17,670 18,967 20,634 23,870 25,946 27,013 26,457 26,764 26,668 22,886

Dept. of Education 61 55 58 34 32 30 22 22 25 29 28 34

Dept. of Energy 4,102 3,760 3,012 2,471 2,448 2,533 2,312 2,253 2,303 2,178 2,273 2,249

Dept. of Health & Human Services . 528 467 335 318 337 379 409 495 544 642 692 740

National Institutes of Health 465 413 309 298 321 358 365 454 502 566 586 594

Dept. of Housing & Urban Develop . 43 34 19 20 11 11 9 9 10 9 9 14

Dept. of the Interior 67 61 30 24 28 20 15 18 20 21 26 29

Dept. of Labor 120 4 8 2 0 1 1 1 7 10 3 3

Dept. of Transportation 329 351 243 264 343 321 277 217 175 144 187 195

Environmental Protection Agency. . . 118 115 92 63 82 95 87 60 66 84 79 60

National Aeronautics & Space Admin 1,917 2,345 1,671 1,071 1,028 1,384 1,180 1,286 1.644 1,984 2,635 2,885

National Science Foundation 10 7 2 0 0 0 0 0 0 0 0 0

All other agencies 253 174 180 153 153 155 149 160 166 133 97 107

R&D plant

Total, all agencies 1.836 1,594 1,390 1,245 1,652 1,633 1,344 1,564 1,691 2,341 1,809 2,468

Dept. of Agriculture 67 22 21 32 36 36 69 95 111 98 73 110

Dept. of Commerce 5 1 1 1 9 8 4 9 13 11 14

Dept. of Defense 246 298 291 300 489 i 6 250 404 358 485 393 370

Dept. of Education 0 0 0 0 0 1 6 18 4 7 7 5

Dept. of Energy 1,208 1,050 914 727 788 779 648 654 752 823 770 895

Dept. of Health & Human Services . . . 36 25 25 46 29 38 33 31 16 103 66 178

National Institutes of Health 35 24 19 17 26 26 26 30 16 103 64 169

Dept, of Housing & Urban Develop . . . 0 0 0 0 0 0 0 0 0 0 0 0

Dept. of the Interior 9 4 1 2 5 4 4 10 8 9 9 11

Dept, of Labor 0 0 0 0 0 0 0 0 0 0 0

Dept. of Transportation 27 20 12 21 16 8 11 9 11 15 17 15

Environmental Protection Agency 0 0 0 0 0 0 0 0 0 0 10

National Aeronautics & Space Admin . 188 124 114 97 226 210 240 262 352 673 399 690

National Science Foundation 22 16 2 3 42 66 46 52 47 94 48 150

All other agencies 27 34 10 16 13 11 29 24 26 21 18 22

R&D and R&D plant

Total, all agencies 37,038 37,111 37.822 38,385 40,680 44,992 46,242 48,377 48,506 50,791 51,038 49,150

Dept. of Agriculture 879 853 819 846 837 882 880 898 947 917 917 999

Dept. of Commerce 410 353 337 322 340 361 357 345 329 327 340 397

Dept. of Defense 16,744 18.010 20,913 22,359 23,941 27,187 29,014 30,253 29,478 30,134 29,745 25,932

Dept. of Education 165 113 128 107 107 113 112 130 116 133 129 153

Dept. of Energy 6,818 6,326 5,622 5,079 5,108 5,231 4,742 4,385 4.893 4,920 4,976 5,295

Dept. of Health & Human Services 4,497 4,239 3,965 4,222 4,494 4,925 4,974 5,630 5.902 6,339 6,494 6,960

National Institutes of Health 3,789 3,600 3,453 3,652 3,961 4,354 4.397 4,989 5,188 5,450 5.478 5,773

Dept. of Housing & Urban Develop 66 52 29 31 17 17 13 14 15 14 14 22

Dept. of the Interior 494 462 382 369 385 355 340 352 351 380 396 436

Dept. of Labor 163 67 25 19 15 12 9 18 30 28 21 21

Dept. of Transportation 454 466 322 355 430 393 347 284 261 254 294 316

Environmental Protection Agency 407 349 335 231 241 287 277 295 285 300 318 319

National Aeronautics & Space Admin . 4,004 3,979 3,192 2,651 2,834 3,193 3,227 3,471 3,912 4.928 5,356 6.090

National Science Foundation 1,063 1,047 977 1.022 1,154 1,272 1,228 1,298 1,307 1,412 1,315 1.478

All other agencies 875 795 775 773 779 763 721 705 679 707 723 732

NOTE: Data for 1990 and 1991 are from the Administration's 1992 budget proposal. they differ from the figures in appendix tables 4.9 through 4-13.

'See appendix table 41 for GNP implicit price detlitors used to convert current dollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division. National Science Foundation (NSF). Federal runds tor Research and Demlopment. Detailed Historical Tables:

Fiscal Years 1955-1990 (Washington DC: NSF. 1990); NSF. unpublished tabulations: and Office of Management and Budget. unpublished tabulations

See figures 4-4 and 4-5 and figure 0-5 in Overview. Science & Engineenng Indicators 1991
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Appendix table 4-9.
Federal obligations to intramural performers for total R&D and basic research, by selected agency: FYs 1980-91

317

All
agencies

Dept.
of

Defense

National National National Dept. Dept. Dept.
Institutes Aero & Space Science of of of
of Health Admin. Foundation Agriculture Energy Commerce

Dept.
of

Interior

All
other

agencies

Total research and development

Millions of current dollars

1980 7,632 3,796 587 965 75 457 474 226 242 810
1981 8,426 4,281 639 1,044 106 511 451 237 274 883
1982 9,141 5,139 709 1,166 118 531 176 242 261 799
1983 10,582 6,401 769 1,134 131 559 258 252 274 804
1984 11,572 7,257 830 1,043 136 589 216 256 334 911

1985 12,945 8,324 874 1,171 143 628 224 280 342 959

1986 13,535 8,881 958 1,217 130 630 206 285 332 896
1987 13,413 8,336 1,000 1,414 143 649 248 320 355 948
1988 14,281 9,046 1,092 1,335 162 694 245 316 353 1,038

1989 15,121 9,296 1,171 1,733 166 689 248 325 394 1,099

1990 (est.) 16.094 9.467 1,339 2,052 175 736 362 336 425 1.202

1991 (est.) 16,396 8,988 1.402 2,573 187 776 427 349 435 1,259

Basic research

1980 1,182 199 320 225 68 180 6 13 62 109

1981 1,302 226 335 216 99 202 6 15 69 134

1982 1,466 246 405 251 112 219 7 16 65 145

1983 1,690 276 449 305 126 239 18 18 84 175

1984 1,861 303 479 345 130 274 11 10 110 190
1985 1,961 301 543 318 138 296 21 21 117 206
1986 2,018 308 579 363 126 293 25 23 111 189

1987 2.046 283 568 379 138 302 35 22 11c,' 199

1988 2,050 263 592 343 154 322 33 27 108 208

1989 2,371 292 695 454 157 324 49 25 159 208

1990 (est.) 2,573 284 794 503 165 345 49 26 168 216

1991 (est.) 2,782 310 851 559 176 365 46 29 174 239
4=1,

NOTE; Intramural activities cover costs associated with
actual intramural R&D performance.

SOURCES: Science Resources Studies Division (SRS)
Fiscal Years 1955-1990 (Washington. DC: NSF, 1990);
Final (Washington. DC: NSF, 1991).

the planning and administration of intramural and extramural R&D programs by Federal personnel as well as

. National Science Foundation, Federal Funds for Research and Development. Detailed Historical Tables:
and SRS, Federal Funds for Research and Development: Fiscal Years 1989. 1990. and 1991, NSF 90-327

Science & Engineering Indicators - 1991
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Appendix table 4-10.
Estimated Federal obligations for R&D, by selected agency, performer, and character of work: FY 1991

Agency Total
Federal

intramural

FFRDCs
admin. by

Industry industry

Univers.
and

colleges

FFRDCs
admin. by

U&C

Other
non-

profits

FFRDCs State &
admin, by local
nonprofits gov't Foreign

Total research & development

Millions of current dollars

Total, all agencies 66,107 16,396 31,512 2,062 9,191 3,654 2,302 482 184 325

Dept. of Agriculture 1,158 776 6 0 364 0 6 0 2 3

Dept. of Defense 36,918 8,983 25,353 287 1,069 624 110 313 1 172

Dept. of Energy 6,006 428 964 1,710 429 2,164 165 142 1 4

Dept. of Health & Human Services. 8,888 1,879 398 19 4,946 33 1,428 11 115 59

Nat'l Aeronautics & Space Admin 8,322 2,573 4,263 0 533 701 230 3 5 12

National Science Foundation 1,983 187 90 1 1,478 111 115 0 2 0

All other agencies 2.837 1.565 437 45 372 21 248 14 58 75

Basic research

Total, all agencies 12,255 2,782 1,043 194 5,721 1,267 1,077 68 51 52

Dept, of Agriculture 547 365 0 176 3 0 1 2

Dept. of Defense 972 310 88 1 529 8 24 0 12

Dept. of Energy 1,677 46 42 180 307 899 141 61 1

Dept. of Health & Human Services. . 4,940 989 201 10 2,892 21 744 4 46 33

Nat'l Aeronautics & Space Admin 1,803 559 593 0 367 227 50 2 1

National Science Foundation 1,853 176 76 1 1,382 111 106 2 0

All other agencies 463 337 43 2 68 1 9 1 1

Applied research

Total, all agencies 10,965 4,084 2,384 311 2,635 596 720 70 74 90

Dept. of Agriculture 570 373 6 0 186 0 3 0 1

Dept. of Defense 2,497 1,027 1,079 24 260 49 38 9 1 9

Dept. of Energy 1,064 175 118 239 109 363 18 42 1 1

Dept. of Health & Human Services. 3,037 713 153 6 1,621 9 463 6 45 21

Nat'l Aeronautics & Space Admin 1,970 831 811 0 109 157 56 1 3

National Science Foundation 130 11 14 96 9 0 0

All other agencies 1.697 954 203 42 254 18 133 13 25 55

Development

Total, all agencies 42,888 9,530 28,084 1,557 835 1,791 505 345 59 183

Dept. of Agriculture 41 38 0 0 2 0 0

Dept. of Defense 33,449 7,651 24,186 262 280 567 48 304 151

Dept. of Energy 3,265 207 804 1,291 13 902 6 39 2

Dept. of Health & Human Services. 911 177 44 3 433 3 221 1 24 5

Nat'l Aeronautics & Space Admin 4,549 1,183 2,859 0 57 317 124 1 3 5

National Science Foundation. 0 0 0 0 0 0 0 0 0 0

All other agencies 637 274 191 1 50 2 106 0 32 20

= less than $500.000

NOTES: These figures reflect funding levels as
reflect subseqUent Congressional apr 'opriation
and colleges.

SOURCE: Science Resources Studies Division.
NSF 90-327 Final (Washington. DC. NSF. 1991

See text table 4-2.

reported by Federal agencies in March throi,gh October 1990 They differ from the figures in appendix tabie 4-8. which
actions through January 1991. FFRDCs = federally funded research and development centers: U&C universities

National Science Foundation, Federal Funds for Research and Development: Fiscal Years 1989. 1990. and 1991.
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Appendix table 4-11.
Federal obligations for R&D, by character of work and performer: FYs 1980-91
(page 1 of 2)
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: 0,3

co
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Performer 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1990

(est.)
1991

(est.)

TOTAL RESEARCH AND DEVELOPMENT
Federal intramural'
Industrial firms excluding FFRDCs
FFRDCs administered by industry
Universities and colleges excluding FFRDCs . .

FFRDCs administered by universitiesicolleges. .
Nonprofit institutions excluding FFRDCs
FFRDCs administered by nonprofit institutions .
State and local governments
Foreign

Basic research
Federal intramural
Industrial firms excluding FFRDCs
FFRDCs administered by industry
Universities and colleges excluding FFRDCs . . .

FFRDCs administered by universities colleges . . .

Nonprofit institutions excluding FFRDCs
FFIRDCs administered by nonprofit institutions . .

State and local governments
Foreign

Applied research
Federal intramural
Industrial firms excluding FFRDCs
FFRDCs administered by industry
Universities and colleges excluding FFRDCs . .

FFROCs administered by universities colleges .
Nonprofit institutions excluding FFRDCs
P.- RDCs administered by nonprofit institutions .

State and local overnments
Foreign

Developmf.nt
Federal ,ntranyral
Indu,;trial him-, excluding FFRDCs
f THDCs administered by industry
I luiversities and colleges excluding FFRDCs . . . .

Fl liDC., adminitered by universities colleges .
Nonprofit institution , excluding FFRDCs
Ft RDC>:, administered by nonprofit institutions . .

State arid local governments
I- oreign ,

29.830
7,632

12.969
1.408
4,263
1,533
1.106

442
266
211

4.674
1,183

325
70

2.320
437
280

8

24
28

6.923
2.484
1,752

241
1,379

414
399

64

12/
63

18.233
3.966

10.892
1,097

564
682
427
370
115

120

33,104
8,426

14,868
1,414

4,466
1,791

1,069

525
222
323

5,041
1,302

293
73

2,503
491

313
9

27
31

7.172
2,732
1,665

278
1,417

450
392

59
103
75

20,891
4.392

12,910
1.063

546
650
364
458

93
218

36,433
9.141

17,192
1,506

4.606
1,977
1,092

521

184
214

5,482
1,466

271

87
2,727

517

356
9

25
25

7.541
2.729
1,886

400
1,318

540
388

95
101

83

23.410
4,947

15.036
1,019

560
920
348
416
58

106

38,712
10.582
17,148

1.501

4,966
2,266
1,242

581

186

240

6.260
1,690

306

83
3,112

591

410
8

32

29

7.993
3,020
1,847

440
1,356

621

427
77

105
101

24,458
5.872

14,995
979

499
1,054

405
496

49
110

42,225
11,572
181,.670583

5,565
2,325
1,497

597

131

176

7,067
1,861

394
91

3,531

653
474

8

28

28

7,911

2,904
1,792

405
1,499

635
449

79

60
89

27,246
6.808

16,567
1,112

535

1,037
575
50

43
59

Millions of current dollars
48,360 51,412
12,945 13,535
21,969 24,509

1,791 1,697
6,358 6,579
2,535 2,440
1,699 1,676

689 553
129 128

245 296

7,819 8.153
1.923 2,019

408 545

123 118

4,039 4.132
696 691

556 572
12 13

31 31

31 33

8.315 8,349
3,133 3,142
1,751 1,835

363 365
1,688 1,751

641 502
489 490

85 76

59 60
107 130

32,226 34,910
7.889 8,375

19.810 22,129
1,305 1,215

631 696
1,198 1,247

654 614

592 463
40 37

107 134

55,255
13,413
261 :876520

7,354
3,210
1,711

511

148

298

8,944
2,046

467
120

4,666
907
658

13

38
30

8,999
3,392
1,982

314
1,975

564
550

77
53
94

37,313
7.975

24,303
1,426

713
1,739

503
421

58
173

56,935
14,281

26,719
1,911

7,828
3,474
1,683

506
142

392

9,623
2,173

583
135

4,927
1,009

713
14

40
30

9,241
3.452
1,975

314
2,124

593
576

71

53

83

39,648
8.889

25.676
1,439

720
1,770

512
430

55

159

61.405
15,121

28,548
1.960
8,672
3,497
1,999

521

168

919

10,602
2,371

773
167

5,221
1,098

839
42
44
47

10,163
3,611

2,102
353

2,572
605
681

67

78

95

40.640
9,139

25,673
1,440

879
1,794

479
412

46
777

62,320
16,094
28.854

2,054
8,748
3.410
2,184

445
175

357

11.348
2,573

959
176

5,377
1,146

963
55
48
50

10.335
3.765
2.203

343
2.496

587
722

66
79

75

40.637
9,756

25.692
1,534

875
1,677

498
323

48
233

66.107
16,396
31,512

2,062
9,191
1654
2,302

482
184

325

12.255
2.782
1,043

194

5,721
1.267
1,077

68
51

52

10,965
4,084
2,384

311

2,635
596
720

70
74

90

42.888
9.530

28,084
1,557

835
1,791

505
345

59

183
...._....... _____. .

3 )

(continued)
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Appendix table 4-11.
Federal obligations for R&D, by character Qf work and performer: FYs 1980-91
(page 2 of 2)

Performer 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1990

(est.)
1991

(est.)

Millions of constant 1982 dollars'

TOTAL RESEARCH AND DEVELOPMENT 35,202 35,517 36,433 37,140 39,028 43,359 44,898 46;813 46,815 48,450 47,275 48,023

Federal intramural 9,007 9,040 9,141 10,152 10,696 11,607 11,820 11,364 11,742 11,931 12,209 11,911

Industrial firms excluding FFRDCs 15,304 15,952 17,192 16,451 17,333 19,697 21,403 22,665 21,970 22,525 21,888 22,892

FFRDCs administered by industry 1,662 1,517 1,506 1,440 1,487 1,606 1,482 1,576 1,571 1,546 1,558 1,498

Universities and colleges excluding FFRDCs . . . 5,031 4,791 4,606 4,765 5,144 5 700 5,746 6,230 6,437 6,842 6,636 6,677

FFRDCs administered by universities/colleges . . . 1,809 1,922 1,977 2,174 2,149 2,273 2,131 2,719 2,856 2,759 2,587 2,654'

Nonprofit institutions excluding FFRDCs 1,305 1,147 1,092 1,191 1,384 1,523 1,463 1,449 1,384 1,577 1,657 1,672

FFRDCs administered by nonprofit institutions . 521 563 521 558 552 618 483 433 416 411 338 350

State and local governments 313 238 184 178 121 116 112 126 117 133 133 134

Foreign 249 347 214 230 162 219 259 252 322 725 271 236

Basic research 5,516 5,409 5,482 6,006 6,532 7,010 7,120 7,5;-,1 7,912 8,365 8,608 8,903

Federal intramural' 1,3,5 1,397 1,466 1,621 1,720 1,725 1,763 1,734 1,787 1,871 1,952 2,021

Industrial firms excluding FFRDCs 384 314 271 293 364 366 476 396 479 610 727 758

FFRDCs administered by industry 83 79 87 80 84 110 103 102 111 132 134 141

Universities and colleges excluding FFRDCs . . . . 2,738 2,686 2,727 2,986 3,263 3,621 3,609 3,953 4,051 4,119 4,079 4,156

FFRDCs administered by universities/colleges . . . 515 526 517 567 603 624 604 768 829 866 869 920

Nonprofit institutions excluding FFRDCs 330 336 356 393 438 498 500 557 586 662 731 782

FFRDC5 administered by nonprofit institutions . 9 9 9 8 8 11 11 11 11 33 42 49

State and local governments 28 28 25 31 26 27 27 32 33 35 36 37

Foreign 33 33 25 27 26 28 29 26 25 37 38 38

Applied research 8,170 7,694 7.541 7,669 7,312 7,455 7,291 7,624 7,599 8,019 7,840 7,965

Federal intramural' 2.931 2,932 2,729 2,898 2,684 2,809 2,743 2.873 2,839 2,849 2,856 2,967

Industrial firms excluding FFRDCs 2.068 1,787 1,886 1,772 1,656 1,570 1,602 1,679 1,624 1,658 1,671 1,732

FFRDCs administered by industry 284 298 400 422 375 326 318 266 258 279 260 226

Universities and colleges excluding FFRDCs . . . 1,627 1,520 1,318 1,301 1,385 1,513 1,529 1,673 1,747 2,029 1,893 1,914

FFRDCs administered by universities/colleges . . 489 483 540 595 587 574 438 478 487 477 445 433

Nonprofit institutions excluding FFRDCs 471 421 388 410 415 439 428 466 474 537 548 523

FFRDCs administered by nonprofit imAitutions . 76 63 95 74 73 76 66 65 58 53 50 51

State and local governments 150 110 101 100 55 53 52 45 44 62 60 54

Foreign 74 80 83 97 82 96 113 80 68 75 57 65

Development .
21.516 22,414 23,410 23,465 25,183 28,894 30,487 31,612 32,601 32,065 30,827 31,156

Federal intramural' 4,680 4.712 4,947 5.633 6,292 7,074 7,313 6,757 7,309 7,211 7,401 6,923

Industrial firms excluding FFRDCs 12.853 13,851 15,036 14,386 15,313 17,761 19,325 20,590 21,112 20,256 19,490 20,401

FFRDCs administered by industry 1,295 1,140 1,019 939 1,028 1,170 1,061 1,208 1,183 1,136 1,164 1,131

1.1n)versities and colieges excluding FFRDCs 666 585 560 478 495 566 608 604 592 694 664 607

FFPDCs administered by universities/colleges . 805 912 920 1,011 959 1,074 1,089 1,473 1,455 1,415 1,272 1,301

Nonpru1it .m.::'1utions excluding FFRDCs 504 390 348 388 531 586 536 426 421 378 378 367

FFRDCs auministered by nonprofit institutions . 437 491 416 476 471 531 405 357 353 325 245 251

State and local governments 135 100 58 47 40 36 33 49 45 36 36 43

F'oreign 142 233 106 105 55 96 117 147 131 613 177 133

NOTE FRDCs Federally funded research and development centers.

Feneral intritmural activities rver costs associated with administering intramural and extramural programs by Federal personnel and actualintramural performance.

See appendix table 4 1 for GNP impint price deflators used to convert current dollars to constant 1982 dollars

..i0lJRCP; Science Resources Studies Division (SRS). National Science Foundation. Federal Fund6 lot Research and Developrnent. DetailedHistorical Tables: Fiscal Years 1955-1990 (Washington. DC! NSF, 1990); and

SIAS. Federal Funds for Research and Development: Fiscal Years 1989. 1990. and 1991, NSF 90-3/ roal (Washington, DC: NSF, 1991).
Science & Engineering Indicators -7991



Appendix table 4-12.
Federal obligations for basic research, by science and engineeriN
(page 1 of 3)

FYs 1980-91

Science and engineering field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

1990

(est.)

1991

(est.)

Millions of current dollars

Total, all fields 4,674 5,041 5,482 6,260 7,067 7,819 8,153 8,944 9,474 10,602 11,348 12,255

Life sciences 2.054 2,224 2,526 2,891 3,288 3,787 3,859 4,364 4,502 4,916 5,203 5,589

Biological & agricultural, total . . . . . . 1,340 1,462 1,675 1929, 2,175 2,516 2,543 2,870 2,856 3.102 3,291 3,565

Biological (excl. environmental) . . 1,100 1,202 1,401 1,622 1,836 2,106 2,152 2,462 2,415 2,647 2,804 3,040

Environmental biology 86 83 83 93 121 126 126 141 147 157 168 178

Agricultural 154 177 190 214 218 284 266 268 1,94 298 319 347

Medicai sciences. total 657 706 793 879 1,015 1,145 1,197 1,343 1,5 /3 1,708 1,801 1,906

Other life sciences 58 55 58 84 98 126 119 151 73 104 111 119

Psychology 84 91 90 93 108 133 133 147 188 187 202 221

Physical sciences. 1,221 1,325 1,394 1,587 1,728 1,815 1914, 2,096 2,200 2,506 2,697 2,966

Astronomy 279 274 271 355 380 401 453 505 459 525 556 577

Chemistry 257 298 312 362 403 425 433 445 471 505 532 545

Physics 668 735 791 855 921 960 1,003 1,072 1,206 1,395 1,520 1,699

Other physical sciences 16 17 20 15 24 30 25 74 65 82 87 146

Environmental sciences 522 533 520 580 657 700 749 781 873 1,017 1,184 1,328

Atmospheric science 179 174 163 173 192 209 240 244 281 316 399 496

Geological 198 194 178 178 198 250 266 266 267 335 371 383

Oceanog raphy 131 143 155 196 220 219 224 250 269 294 317 373

Other environmental sciences 14 22 25 34 46 21 19 21 55 72 98 77

Mathematics & computer sciences 116 140 165 208 241 260 293 306 313 346 356 579

Mathematics 67 79 91 101 114 130 142 158 165 168 171 186

Computer sciences 46 52 67 90 105 116 13' 129 125 160 161 173

Ot.ter math & computer sciences . 3 9 7 17 22 14 20 20 22 18 24 20

Social sciences 147 137 120 138 133 141 114 130 147 155 188 189

Anthropology 14 13 13 11 17 16 11 12 12 12 13 14

Economics 40 34 39 41 30 34 26 29 35 38 46 44

Political science 7 6 4 5 4 6 4 6 5 5 6 6

Sociology 25 23 19 33 34 32 30 34 37 38 54 81

Other social sciences 60 61 45 48 48 52 42 48 6 61 69 43

Other sciences 64 65 56 73 69 100 122 131 255 292 319 328

(continued)



Appendix table 4-12.
Federal obligations for basic research, by science and engineering field: FYs 1980-91
(page 2 of 3)

Science and engineering field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1990

(est.)
1991

(est.)

>vv
roza
5"<

?
>
-o
-o
roz
a.

Engineering
Aeronautical.
Astronautical
Chemical
Civil .

Electrical
Mechanical
Metallurgy ,', materials
Other

Total, all fields

Life sciences
Biological & agricultural, total

Biological (excl. environmental) . .

Environmental biology
Agricultural

Medical sciences. total
Other lite sciences

Psychology

Phystcal sciences
Astronomy
Chemistry
Physics
Other physical sciences

Fnvironmental sciences
Atmospheric science
Geological
Oceanography
Other environmental sciences

Mathematics & computer sciences
Mathematics
Computer sciences
Other math & computer sciences . .

465
104

27

26
22
71

42

121

52

5,516

2,424
1,581

1,298
102
181

775

68

99

1,440

330
303
789

19

616
211

234
154

17

137

79
55

4

526
113
33
31

23
79
47

139
61

5,409

2,386
1.569
1,289

89
190

758
59

98

1,421

294
320
789

18

572
186
208
154
23

151

85

56

10

611
127
45
35
32
94
53

156
69

5,482

2.526
1,675
1,401

83
190
793

58

90

1,394
271

312
791

20

520
163
178

155
25

165
91

67

7

690
141

50
50

32
96
61

183
76

6,006

2,774
1,850
1,556

89
206
843

80

89

1,523
340
347
820

15

557
166

171

188

32

200
97

87

16

845
226

52
56
42

130
64

187

88

6,532

3,039
2,010
1,697

112

202
938
90

100

1,597
351

373
852

22

607
178
183
203

43

223
105

97
21

Millions of current dollars
884 969 990
192 226 237
42 53 49
74 73 78
44 45 46

145 156 175

88 84 87
212 229 210
88 103 108

Millions of constant 1982 dollars'
7,010 7,120 7,578

3,395 3.370 3,697
2,255 2,221 2,432
1,888 1,879 2,085

113 110 119

254 232 227
1,027 1,045 1,138

113 104 128

119 116 125

1,628 1,672 1,776

359 396 A?7

381 378 377
861 876 908

27 22 63

627 654 662
188 210 207
224 232 226
197 196 212

19 17 18

233 256 260
117 124 134

104 115 109
12 17 17

1,006
231

48
89
46

154
84

230
124

7,790

3,702
2,348
1,986

121

242
1,293

60

155

1,809
37,7

387
992

53

718
231

220
221

45

257
136

103
18

1,184

328
59
50

52
174

101

255
166

8,365

3,879
2,447
2,089

124
235

1,348
82

148

1,977
414
398

1,101

65

802
249
264
232

57

273
133
126

14

1,199

337
64
58
50

165
100
266
158

8,608

3,947
2,496
2,127

127

242
1,366

84

153

2,046
422
404

1,153
66

898
303
281

240
74

270
130
122

18

1,253

299
87
64
55

180

109
300
159

8,903

4,060
2,590
2,208

129

252
1,385

86

161

2,155
419
396

1,234
106

965
360
278
271

56

275
135

126
15

(continued)



Appendix table 4-12.
Federal obligations for basic research, by science and engineering field: FYs 1980-91
(page 3 of 3)
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Science and engineering field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

1990

(est.)
1991

(est.)

Social sciences
Anthropology
Economics
Political science
Sociology
Other social sciences

Other sciences

Engineering
Aeronautical
Astronautical
Chemical
Civil
Flectncal
Mechanical
Metallurgy & materials
Other

174
17

47
9

30
71

75

549
123

32
31

26
83
50

143
61

147
14

37
7

24
65
70

564
122

36
34
25
84

51

149

65

120

13

39
4

19
45

56

611

127
45
35
32
94
53

156
69

132
11

39
4

31

46
70

662
135
48
48
31

92
58

175

73

Millions of constant 1982 dollars'
123 126 99

16 14 10

27 31 23
4

31 29 26
44 47 37

64 89 107

781 793 846

208 172 198
48 37 46
51 67 64

39 39 39

121 130 136

59 79 73

173 190 200

81 79 90

110
10

25

29
41

111

838
201

41

66
39

149
74

178
91

121

10

29

30
48

210

827
190
39
73
38

127
69

189
102

122

9

30

30
48

230

934

259
47
39
41

137
80

201

131

143
10

36

41

52

242

910
256

49
44
38

125

76
202
120

137

10

32

59

31

238

910
217

63
46
40

131

79

218
116

l'tor ,tppeildix table 4 1 tor GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

111(.1-S St: ence He,:.ource, Studies DivIsion (SRS), National Science Foundation. Federal Funds for Research and Development. Detailed Histoncal Tables: Fiscal Years 1955-1990 (Washington. DC: NSF. 1990); and

och,r,i1Funds for Research and Development: Fiscal Years 1989. 1990. and 1991. NSF 90-327 Final (Washington, DC: NSF. 1991).

See ficture 4 6 Science & Engineenng Indicators - 1991



Append Ix table 4-13.
Federal obligations for applied research, by science and engineering field: FYs 1980-91
(page 1 of 3)

rs)

Scienne and engineering field 1980 1981 1982 1983 1984 1985 1986

dollars

1987 1988
1990 1991

1989 (est.) (est.)

Millions of current

Total, all fields 6,923 7,172 7,541 7,993 7,911 8,315 8,349 8.999 9.176 10,163 10,335 10,965

Life sciences 2.138 2,212 2.220 2,287 2,348 2,576 2,606 2,980 3,223 3,579 3,710 3,818

Biological & agricultural. total 1,168 1,249 1,137 1,136 1,150 1,240 1,318 1,488 1,716 1917, 1.982 2.060

Biological (excl environmental) 731 795 678 684 727 779 842 1,041 1,267 1,336 1,444 1,480

Environmental biology 144 137 100 101 129 135 138 149 154 210 187 192

AgneuRural 294 317 359 351 294 326 338 299 297 371 352 387

Medical sciences. total 880 904 980 1.049 1,098 1,223 1,164 1,324 1,368 1,514 1,572 1,600

Other life sciences 90 59 103 102 100 113 123 168 137 148 156 158

Psychology 115 118 129 148 159 194 201 222 212 235 246 288

Physical sciences 780 896 1,107 1,304 1,241 1,231 1,155 1,157 1,118 1,199 1,198 1,225

Astronomy 6 7 5 3 3 14 15 18 12 17 25 23

Chemistry 198 189 169 158 203 225 229 235 232 278 307 288

Physif_:s 514 610 820 1,000 915 856 803 781 770 795 767 780

Other physical st;ionces . 62 90 113 144 120 135 108 122 103 108 100 134

Environmental sciences . . 739 588 628 671 619 704 733 731 734 756 920 1,017

tAimospheric science 231 200 263 288 242 277 281 309 307 272 339 416

Geological 203 202 180 155 161 179 178 176 174 208 220 213

Oceanography . . 131 118 107 148 143 179 205 178 191 198 209 210

Other enwronmental sciences 173 68 79 80 73 69 68 68 62 78 152 178

M;Itliematics & computer sciences 125 139 185 211 200 315 322 334 330 390 365 413

Mathematics . 24 39 37 33 37 53 42 46 52 68 65 69

Computer sci(mcm, 82 69 104 124 110 164 171 169 167 205 178 214

Other math & computer sciences 18 31 44 55 53 97 109 119 110 116 122 131

bociiii science!: 377 361 266 298 304 319 302 351 339 396 433 457

Anthropology. 3 2 2 2 2 2 2 3 2 2 2 2

t .,:onorcics . 153 173 118 125 118 125 105 120 125 129 134 143

Polilical science 5 5 3 7 7 9 8 6 7 8 6 6

46 42 33 35 36 34 37 40 45 56 68 73 >
Other social sciences. 170 140 110 130 141 149 150 183 160 202 222 233 17

17
cD7

Other sciences .... . . 286 314 231 247 262 242 261 307 271 350 301 316
O.
;*

(continued) ?
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Appendix table 4-13
Federal obligations for applied research, by science and engineering field: FYs 1980-91
(page 2 of 3)

co

co

oo

rn
(o.

ro
ro-,

to
"S
Q.

2
-2-;

cn

. i

. co
-...

Science arid engineering field

Engineering
Aeronautical
Ay1ronautical
Chemical
Civil
Flectrical
Mhanical
Metallurgy & materials
Other

Total. all fields

Lite !-c:ierices
Biological & trir ,;:Altural total

KologicAl (eq.) enviroornentah
Environre .ntal oialogy . .

Agricultural
Medical sciences total
Other lite sciences . . .

P!qchoiogy

Ptly,,icAl sri,erces
kvonnmy
Ch4ry
Pilyc:ics
Other phit.ical sciences . .

F iwimilmentdi !;ciencec;
Atmo51heric ,icif,1ce . .

nt.oloriull
Or edrionrdphy
Other emconmental sciences.

Miiti,m,itic!; & computer ,c.iences . .

1,,,latmatic
(mpott)r .;cierice:.
Othw math & computer sciences

1980

2.365
604
275

70

137
447
166
115

552

8,170

2.523
1.378

862
169

347
1,038

106

135

920
7

233
607

73

8/2
272
240

155

205

147

28

97

21

1981

2,545
596
271

116

136
478
157

118

673

7,694

2.373
1.340

853
147

341

970
63

126

961

7

202
655

96

631

214
217
127

73

149
41

74
33

1982 1983 1984 1985

of current
2,733

547

383
180
173

482
179

227
563

of constant 1982
7,455

2,310
1,112

699
121

292
1,097

101

174

1.104
13

202
768
121

631

248
160
161

62

282
48

147

87

1986 1987 1988 1989
T990
(est.)

1991

(est.)

2,776
615
246

60
17C

519
148
153

866

7,541

2,220
1,137

678
100

359
980
103

129

1,107
5

169
820
113

628
263
180

107

79

185
37

104
44

2,828
680

271

95
155

519

206
150

75 i

7,669

2.194
1,089

656
97

337
1,006

98

142

1.251

3

152

959
138

644
276
149

142

77

203
31

119

52

Millions
2,779

635
344

89
161

500
126

154

770

Millions
7,312

2.171
1.063

672
119

272
1,014

93

147

1,147
2

188

846
111

572
224
149

133

67

184
34

101

49

dollars
2,770

549
474
173

158

518
153

217
529

dollars'
7,291

2.275
1,151

735
121

295
1,016

108

176

1,008
13

200
701

94

640
245
156

179

59

281

37

149

95

2,917
573
576
138
159
611

146
152

562

7,624

2.525
1,261

882
126
253

1.122
142

188

980
15

199
662
104

619
262
149
150

58

283
39

143

101

2,950
571

527
169
169

577
157
227
553

7,545

2,650
1,413

1,042
127
244

1,125
113

174

919
10

191

633
85

604
252
143
157

51

271

43

137

90

3,258
659
619

92
178

669
157

266
619

8,019

2.824
1,513
1.054

166
293

1,195
117

185

946
13

219
627

85

596
215
164

156

62

308
54

162

92

3,162
727
548

95
185
535
163
254
656

7.840

2,814
1,504
1,095

142

267
1,192

118

187

909
19

233
582

76

698
257
167
159
115

277
49

135
93

3,431
777
716

98
195

536
179

299
631

7,965

2.774
1.496
1,075

139

281

1,162
115

209

890
17

209
567

97

739
302
155
153
1:.).9

300
50

155

95

"1
) 1 1 3 7

(continued)
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Appendix table 4-13.
Federal obligations for applied research, by science and engineering field: FYs 1S80-91
(page 3 of 3)

Science and engineering field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1990
(est.)

1991

(est.)

Millions of constant 1982 dollars'

Social sciences 444 387 266 285 281 286 264 297 279 312 328 332

Anthropology 3 2 2 2 2 2 2 2 2 2 2 1

Economics 180 185 118 120 109 112 92 101 103 102 102 104

Political science 6 5 3 6 6 8 7 5 6 6 5 4

Sociology 54 45 33 34 34 30 32 34 37 44 52 53

Other social sciences 201 150 110 125 131 134 131 155 132 159 168 169

Other sciences 337 336 231 237 242 217 228 260 223 276 228 230

Engineering 2,791 2,731 2,776 2,713 2,569 2,451 2,419 2,471 2,426 2,571 2,399 2,492

Aeronautical 713 640 615 652 587 490 480 485 470 520 551 564

Astronautical 325 291 246 260 318 344 414 488 433 488 416 520

Chemical 83 125 60 91 82 161 151 117 139 73 72 71

Civil 161 146 170 150 149 155 138 134 139 140 140 142

Electrical 527 513 519 498 462 432 452 518 474 528 406 389

Mechanical . 196 169 148 197 117 160 134 124 129 124 124 130

Metallurgy & materials 135 126 153 144 142 204 189 129 187 210 193 217

Other 651 722 866 721 712 505 462 476 455 488 498 458

,ippendix tithk! 4 1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars,

S(JURGES Sciencr Hes-nun:es Studies Division (SFIS). National Science Foundation, Federal Funds for Research andDevelopment. Detailed Historical Tables: Fiscal Years 1955-1990 (Washington. DC: NSF, 1990): and

SitS Inderril Funds for Research and Development: Fiscal Years 1989, 1990, and 1991. NSF 90-327, Final (Washington. DC: NSF. 1991).

Sen tIquw 4-6 Science LS Engineering Indicators 1991
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Appendix table 4-14.
Small Business Innovation Research (SBIR) awards, by award type and selected agency: FYs 1983-89

Award type and agency 1983 1984 1985 1986 1987 1988 1989

Millions of current dollars

Total' 45 108 199 298 351 389 432

By type
Phase I awards 45 48 69 99 110 102 108

Phase II awards 0 60 130 199 241 285 322

By agency
Dept. of Agriculture 1 2 3 4 4 4 4

Dept. of Commerce 0 0 0 1 2 1 1

Dept. of Defense 20 45 78 151 194 208 233

Dept. of Education 1 1 2 2 2 2

Dept. of Energy 5 16 26 29 28 30 33

Dept. of Health & Human Services 7 23 45 57 67 73 79

Dept. of the Interior 1 0 0 0 0

Dept. of Transportation 2 3 4 3 3 4

Environmental Protection Agency 1 2 3 3 3 3

Nat'l Aeronautics & Space Admin 5 13 29 36 32 47 52

National Science Foundation 5 7 10 15 17 17 19

Nuclear Regulatory Commission 1 1 1 1 1 1

Millions of constant 1982 dollars.'

Total 43 100 178 260 297 320 341

By type
Phase I awards 43 44 62 86 93 84 85

Phase II awards 0 56 117 174 204 234 254

By agency
Dept. of Agriculture 1 2 3 3 3 3 3

Dept. of Commerce 0 0 0 1 1 1 1

Dept. of Defense 19 41 70 132 164 171 184

Dept. of Education 1 1 1 1 1 2

Dept. of Energy 5 15 23 25 24 25 26

Dept. of Health & Human Services.. 7 21 40 50 57 60 63

Dept. of the Interior 1 0 0 0 0

Dept. of Transportation ' 2 3 3 2 3 3

Environmental Protection Agency 1 2 2 3 2 nc

Nat'l Aeronautics & Space Admin 5 12 26 31 27 39 41

National Science Foundation 5 6 9 13 14 14 15

Nuclear Regulatory Commission 1 1 1 1 1

= less than $500,000

'Totals are SBIR award obligations that include award modifications. The details by type of award and agency do not necessarily contain subsequent year
revisions and may not sum to totals.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCE: Office of Innovation. Research, and Technology. Small Business Administradon, Small Business Innovation Development Act (Washington.
DC: SBA, ongoing series).

See figure 4-7. Science & Engineering Indicators 1991
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Appendix table 4-15.
Small Business Innovation Research (SBIR) awards, by technology area and selected agency:
FYs 1983-89 (cumulative)

Appendix A. Appendix Tables

Tt.L.;nology area Total
Dept. of
Defense

Dept. of Nat'l Aero
Dept. of Health & & Space
Energy Human Svcs Admin.

National
Science

Foundation Other

Percent

Total (1983-89) 100 100 100 100 100 100 100

Computer, information. & analysis 22 26 10 15 26 18 19

Electronics 21 27 18 7 20 16 12

Materials 16 18 25 6 15 24 14

Mechanics of vehicles & facilities 7 10 4 1 12 4 4

Energy conservation and use 12 10 28 3 15 10 6

Environmental & natural resources 7 5 10 4 7 13 20
Life sciences 16 4 4 64 4 15 25

Millions of current dollars

Total (1983-89) 2,885 1,389 337 513 371 136 139

Distributions are based on the cumulative 1983-89 value of awards. not on the number of awards granted. Within each of the broad technology areas listed. SBIR
awards are assigned to more specific technology areas. including multiple technology areas. Therefore, the percentage distributions include overcounting
of awards assigned to multipla technology areas.

Includes Departments of Agriculture. Commerce. Education. and Transportation. the Environmental Protection Agency. and the Nuclear Regulatory Commission.

SOURCE: Office of Innovation. Research. and Technology. Small Business Administration, Small Business Innovation Development Act: Seventh Year Results
(Washington. DC: SBA. 1990).
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Appendix table 4-16.
Annual aggregate data on independent research and development (lR&D): FYs 1976-89

Independent research and development IR&D as a percentage of

Accepted by Government IR&D program
Not

accepted
under IR&D

program

DOD and NASA
R&D obligations

DOD and DOD and NASA
NASA R&D R&D performed

total- by industry'
(a) (b)

Incurred
by

industry
Total

accepted
DOD
share

NASA Not
share reimbursed Total

Total to
industry

Millions of current dollars Percent

1976 1,388 1,061 544 41 476 327 13,102 8,143 4.5 7.2

1977 1,560 1,199 598 46 555 361 14,134 9,109 4.6 7.1

1978 1,788 1,365 643 49 673 423 14.887 9.458 4.6 7.3

1979 2,104 1,517 708 54 755 587 16.084 10,079 4.7 7.6

1980 2,373 1.728 812 57 859 645 17,215 11,038 5.0 7.9

1981 2,796 2.039 1,056 66 917 757 20.102 13,028 5.6 8.6

1982 3,654 2,821 1,338 67 1,416 833 23,701 15,375 5.9 9.1

1983 4,017 2,961 1,601 78 1,282 1.056 25,654 15,700 6.5 10.7

1984 5,173 3,897 1,884 86 1,927 1,276 28,195 17,340 7.0 11.4

1985 5.036 3,500 2,099 88 1,313 1,536 33,119 20.645 6.6 10.6

1986 5,042 3,537 2,198 77 1,262 1.505 36.358 23,232 6.3 9.8

1987 4,885 3,544 2,186 67 1,291 1,341 39,019 25,721 5.8 8.8

1988 4,825 3,694 2,181 89 1,424 1,131 39.746 25,572 5.7 8.9

1989 4,831 3,770 2,226 105 1,439 1,061 42,970 27,469 5.4 8.5

Millions of constant 1982 dollars'
1976 2,236 1,709 876 66 767 527 21,104 13,116

1977 2,327 1.789 892 69 828 539 21,086 13,589

1978 2,493 1,903 897 68 938 590 20.757 13,188

1979 2,701 1,947 909 69 969 754 20,649 12,939

1980 2,800 2039. 958 67 1,014 761 20,315 13,025

1981 3,000 2,188 1,133 71 984 812 21,567 13,977

1982 3,654 2,821 1,338 67 1,416 833 23,701 15,375

1983 3,854 2,841 1,536 75 1,230 1,013 24,613 15,063

1984 4,781 3,602 1,741 79 1,781 1,179 26,060 16,027

1985 4,515 3,138 1,882 79 1,177 1,377 29,694 18,510

1986 4,403 3,089 1,919 67 1,102 1,314 31,751 20,288

1987 4,139 3,003 1,852 57 1,094 1,136 33,057 21,792

1988 3,967 3,037 1,793 73 1,171 930 32,681 21,027

1989 3,812 2,975 1.756 83 1.135 837 33,904 21.673

NOTE: DOD = Department of Defense; NASA = National Aeronautics and Space Administration.

'Includes R&D performed by federally funded research and development centers administered by the industrial sector.

'Percentages calculated as follows: numerator in (a) is total DOD and NASA IR&D reimburements. and denominator is total DOD and NASA R&D. excluding IR&D;
numerator in (b) is total DOD and NASA IR&D reimbursements, and denominator is DOD and NASA R&D performed by industry. excluding IR&D.

'See appendix table 41 for GNP implicit price deflators used to convert current dok.rs to constant 1982 dollars.

SOURCES: Defense Contract Audit Agency. Summary of Independent Research and Development and Bid and Proposal Cost Incurred by Ma lor Defense
Contractors (Washington. DC: DCAA. ongoing series); NASA. unpublished tabulations; Science Resources Studies Division (SRS). National Science Foundation.
Federal Funds for Research and Development. Detailed Historical Tables: Fiscal Years 1955-1990 (Washington. DC: NSF. 1990): and SRS. Selected Data on
Federal Funds for Research and Development: Fiscal Years 1989. 1990. and 1991. NSF 90-327(Washington. DC: NSF, December 1990).

See figure 4-8. Science & Engineering Indicators 1991



Appendix table 4-17.
Federal '38tD funding, by budget function: FYs 1978-92

Function 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
1991

(est.)
1992
(est )

Millions uf current dollars

Total 25,976 28,208 29,739 33,735 36,115 38,768 44,214 49,887 53,249 57,069 59,106 62,115 63,781 64,123 72,057

National defense 12,899 13,791 14,946 18,413 22,070 24,936 29,287 33,698 36,926 39,152 40,099 40,665 39,925 37,788 43,247

Health 2,968 3,401 3,694 3,871 3,869 4,298 4,779 5,418 5,565 6.556 7,076 7,773 8,308 9,086 9,649

Space research and technology 2,939 3,136 2,738 3,111 2.584 2,134 2,300 2,725 2,894 3,398 3.683 4,555 5,765 6,428 7,656

General science 1,050 1,119 1,233 1.340 1,359 1,502 1,676 1,862 1.873 2,042 2,160 2,373 2,410 2,632 2,962

Energy 3,134 3,461 3,603 3,501 3,012 2,578 2,581 2,389 2,286 2,053 2,126 2,419 2,715 2,885 2,920

Natural resources and environment 904 1,010 999 1,061 965 952 963 1,059 1,062 1,133 1.160 1,255 1,386 1.553 1,602

Transportation 768 798 887 869 791 876 1,040 1,030 917 908 896 1,064 1,045 1,251 1,380

Agnculture 501 552 585 659 693 745 762 836 815 822 882 907 950 1,049 1,091

Education. training, employment.
and social services 345 354 468 298 228 189 200 220 248 267 285 347 374 470 510

International affairs 57 117 125 160 165 177 192 210 211 223 224 279 375 385 413

Veterans benefits and services 111 123 126 143 139 157 218 193 183 215 195 212 216 219 219

Commerce and housing credit 77 93 101 106 104 107 110 114 111 110 122 128 140 175 200

Cornriuni'y and regional development 92 127 119 104 63 44 46 50 88 99 108 74 78 97 102

Administration of justice 44 47 45 34 31 37 24 47 41 49 51 45 44 47 53

Income security 67 57 47 43 32 32 26 21 14 25 23 27 33 40 35

General government 20 23 22 22 10 6 8 17 14 17 17 15 17 18 18

Millions of constant 1982 dollars'

Total 36.219 36,212 35,094 36,194 36,115 37,194 40,866 44,728 46,502 48,350 48,600 49,009 48,383 46,582 50,289

National defense 17,985 17,704 17.637 19.755 22,070 23.923 27.070 30,213 32.247 33,170 32,971 32,085 30,286 27,451 30,182

Health 4,138 4,366 4,359 4.153 3,869 4,123 4.417 4,858 4,860 5.554 5.818 6.133 6,302 6.600 6,734

Space research and technology 4,098 4,026 3,231 3.338 2,584 2,047 2,126 2,443 2,527 2,879 3,028 3,594 4,373 4,670 5.343

General science 1,464 1,437 1,455 1,438 1,359 1,441 1,549 1,669 1,636 1,730 1,776 1,872 1.828 1912, 2,067

Energy 4,370 4,443 4.252 3,756 3,012 2,473 2,386 2,142 1.996 1,739 1,748 1,909 2,060 2,096 2,038

Natural resources and environment 1,260 1,297 1,179 1,138 965 913 890 949 927 960 954 990 1,051 1,128 1,118

Transportation 1,071 1,024 1,047 932 791 840 961 923 801 769 737 840 793 909 963

Agrwulture 699 709 690 707 693 715 704 750 712 696 725 716 721 762 761

Education. training. employment.
and social services 481 454 552 320 228 181 185 197 217 226 234 274 284 341 356

International affairs 79 150 148 172 165 170 177 188 184 189 184 220 284 280 288

Veterans benefits and services 155 158 149 153 139 151 201 173 160 182 160 167 164 159 153

Commerce arid housing cred.t 107 119 119 114 104 103 102 102 97 93 100 101 106 127 140

Community and regional development 128 163 140 112 63 42 43 45 77 84 89 58 59 70 71

Administration of justice 61 60 53 36 31 35 22 42 36 42 42 36 33 34 37

Income security 93 73 55 46 32 31 24 19 12 21 19 21 25 29 24

owieral government 28 30 26 24 10 6 7 15 12 14 14 12 13 13 13

. NOTES Data for 1978 -90 are actual budget authority. Data for 1991 and 1992 are estimates based on the FY 1992 budget. Budget obhgations for 1955-77 are available from the source document listed below.
'1 ,

%.) . See appendix table 4,1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 3 sc

SOIJRCf. Science Resource Studies Division, National Science Foundation, Selected Data on Federal R&D Funding by Budget Function: Fiscal Years 1990-92. NSF 90-319 (Washington. DC: NSF. 1991).

See figures 4 9 and 4-10 Science & Engineering Indicators 1991



Appendix table 4-18.
Federal basic research funding, by budget function: FYs 1978-92

Function 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

1991

(est.)
1992
(est.)

Millions of current dollars

Total 3,665 4,108 4,716 5,107 5,305 6,247 7,072 7,810 8,193 9,021 9,553 10,648 11,288 12,330 13,294

Health 1,246 1,579 1,761 1,951 1,953 2,475 2,813 3,243 3,324 3,851 4,087 4,413 4,661 5,101 5,477

General science 962 1,026 1,152 1,256 1,296 1,439 1,606 1,779 1,795 1,942 2,061 2,265 2,306 2,517 2,826

Space research and technology 412 440 482 445 434 501 646 498 737 843 944 1,099 1,389 1,453 1,696

National defense 320 365 552 610 696 788 845 856 960 900 905 965 964 1,024 1,041

Energy 157 172 200 220 no 320 365 428 456 511 571 703 761 913 870

Agriculture 197 222 246 281 295 326 353 406 390 397 428 433 456 495 532

Natural resources and environment 207 131 136 131 139 156 192 206 204 206 210 331 336 392 386

Transportation 70 75 79 89 102 117 125 255 184 231 197 287 242 245 264

Education, training, employment,
and social services 57 59 61 66 78 70 77 86 83 78 83 92 106 119 127

Commerce and housing credit 9 10 15 17 17 19 20 23 26 26 28 29 31 31 34

Veterans benefits and services 9 10 14 15 13 14 15 15 15 17 17 16 16 16 16

Administration of justice 10 10 9 5 4 4 5 4 5 8 8 7 9 6 6

Community and regional development 8 8 8 5 7 6 5 6 6 4 7 3 3 5 5

General government 0 ' 3 2 3 3 4 5 4 5 3 3 4 4

International affairs ' 0 0 12 10 10 3 4 5 3 3 3 4 9 10

Income security 2 1 1 3 0 0 0 0 0 0 0 0 0 0 0

Millions of constant 1982 dollars'

Total 5,110 5,274 5,565 5,479 5,305 5,993 6,537 7,002 7,155 7,643 7,855 8,401 8,563 8,957 9,278

Health 1,737 2027, 2078, 2,093 1,953 2,374 2,600 2,908 2,903 3,263 3,361 3,482 3,536 3,706 3,822

General science 1,341 1,317 1,359 1,348 1,296 1,381 1,484 1,595 1,568 1,645 1,695 1,7P7 1,749 1,828 1,972

Space research and technology 574 565 569 477 434 481 597 447 644 714 776 867 1,054 1,056 1,184

National defense 446 469 651 654 696 756 781 767 838 762 744 761 731 744 727

Energy 219 221 236 236 260 307 337 384 398 433 470 555 577 663 607

Agriculture 275 285 290 301 295 313 326 364 341 336 352 342 346 360 371

Natural resources and environment 289 168 160 141 139 150 177 185 178 175 173 261 255 285 269

Transportation 98 96 93 95 102 112 116 229 161 196 162 226 184 178 184

Education, training, employment,
and social services 79 76 72 71 78 67 71 77 72 66 68 73 80 86 89

Commerce and housing credit 13 13 18 18 17 18 18 21 23 22 23 23 24 23 24

Veterans benefits and services 13 13 17 16 13 13 14 13 13 14 14 13 12 12 11

Administration of justice 14 13 11 5 4 4 5 4 4 7 7 6 7 4 4

Communty and regional developrnent 11 10 9 5 7 6 5 5 5 3 6 2 2 4 3

General gcwernment 0 * 3 2 3 3 4 4 3 4 2 2 3 3

International affairs ' 0 0 13 10 10 3 4 4 3 2 2 3 7 7

Income security 3 1 1 3 0 0 0 0 0 0 0 0 0 0 0

than S500.000

Ntfrf:S Pah tor 1978.90 are actual budget authority. Data for 1991 and 1992 are estimates based on the FY 1992 budget, Budget obligations for 1955-77 are available from the source document hsted below.

appenthy table 4.1 for GNP irnphcit price deflatort; used to convert current dollars to constant 1982 dollar.i.

SOUHCF Science Resource Studies Dwision, National Science Foundation, Selected Data on Fede. al R&D Funding by Budget Function: Fiscal Years 1990-92, NSF 90-319 (Washington, DC: NSF, 1991).

See figure 4-10.
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Appendix table 4-19.
National support for health R&D, by performer and source ot funds: 1979-91

Appendix A. Appendix Tables

Sector 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1990
(est.)

1991

(est.)

Millions of current dollars

Total 7,150 7,953 8,723 9,548 10,753 12,143 13,512 14,832 16,868 18,905 20,900 22,584 24,542

Source of funds

Government 4,786 5,203 5,413 5,612 6,117 6,886 7,675 7,930 9.037 9,721 10,695 11,373 12.013

Federal 4,321 4,723 4,848 4,976 5,399 6,087 6,791 6.895 7,847 8,425 9,230 9,856 10,383

Nat'l Institutes of Health . . . 2,953 3,182 3,333 3,433 3,789 4,257 4,828 5,005 5,852 6,292 6,778 7,141 7,472

State and local 465 480 564 642 718 799 884 1,034 1,191 1.295 1,465 1,517 1,630

Industry 2,093 2,459 2,998 3,593 4.205 4,765 5,352 6,188 7,103 8,432 9,404 10,368 11,619

Private nonprofit 271 292 312 343 431 491 486 715 728 753 801 843 910

Howard Hughes Med. Inst' . 17 18 20 25 54 79 51 247 183 179 197 215 246

Performer

Government 1.309 1.487 1,575 1,668 1,813 1,996 2,139 2,153 2,387 2,588 2.853 3.016 3.178

Federal 1,120 1.284 1,364 1,448 1,577 1,741 1,869 1,847 2,042 2,213 2,432 2,574 2,706

State and local 189 203 211 221 236 255 270 306 346 375 421 442 472

Industry' 1,932 2,249 2,659 3.161 3,668 4.216 4,660 5,293 6,015 6,927 7,850 8,595 9.578

Higher education; 2,818 2,998 3,204 3,362 3,769 4,268 4,823 5.281 6.011 6,519 7,178 7,663 8.168

Private nonprofit' 688 720 744 767 874 968 1,087 1,130 1,330 1,431 1,564 1,672 1,775

Foreign 403 499 542 591 630 696 803 975 1,138 1,441 1,456 1,639 1,844

Biomedical R&D price index'. . 0.768 0.840 0.921 1.000 1.060 1.121 1.178 1.227 1.294 1.359 1.429 1.512 1.603

Millions of constant 1982 dollars

Total 9,315 9,473 9,469 9,548 10,147 10,833 11.471 12,090 13,041 13,915 14,623 14,935 15,313

Source of funds

Government 6.235 6.197 5,875 5,612 5,772 6,143 6,516 6.464 6,986 7,155 7,483 7,521 7,495

Federal 5,630 5,625 5,263 4,970 5,095 5,430 5.765 5,621 6,066 6.201 6,458 6,518 6,478

Nat'l Institutes of Health . . . 3,847 3,790 3,618 3,433 3,576 3,798 4,099 4,080 4,524 4.631 4,742 4,722 4,662

State and local 605 572 612 642 678 713 750 843 921 953 1,025 1.003 1.017

Industry 2,727 2,928 3,254 3,593 3,968 4,251 4,544 5,044 5,491 6,206 6,579 6,856 7,250

Private nonprofit 354 347 339 343 407 438 412 583 563 554 560 557 568

Howard Hughes Med. Inst. . 22 21 22 25 51 70 43 201 141 132 138 142 153

Performer

Government 1,705 1,772 1.709 1,668 1,711 1,781 1,816 1,755 1,845 1.905 1.996 1,994 1.983

Federal 1,459 1,530 1 .480 1,448 1,488 1,553 1,587 1,506 1,579 1,629 1,701 1,702 1,688

State and local 246 242 229 221 222 227 229 249 267 276 295 292 295

Industry 2,517 2,679 2,886 3,161 3,461 3.761 3.956 4,314 4,650 5,099 5,492 5,684 5,976

Higher education 3,671 3,57 . 3,478 3,362 3,557 3,808 4,095 4,305 4,647 4,798 5,022 5,067 5,096

Private nonprofit' 896 857 808 767 824 864 922 921 1,028 1,053 1,094 1,106 1,108

Foreign 525 594 588 591 595 621 682 795 880 1.061 1,019 1,084 1,151

'For Howard Hughes Medical Institute, figures are for the direct conduct of biomedical research and exclude support for scientific career development. Figures for

1985 include only 8 months of operations because of change in fiscal year.

Includes expenditures for federally funded research and development centers administered by organizations in the respective sectors.

The biomedical R&D price index used here differs from the GNP implicit price deflator detailed in appendix table 4-1.

SOURCE: National Institutes of Health, NIH Data Book (Bethesda, MD: NIH. annual series).
Science 14 Engineering Indicators - 1991
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Appendix table 4-20.
Public and private R&D expenditures for health and agriculture: selected years, 1960-89

333

National support for health-related R&D

Public funds Private funds
Health
Fl&D

deflator Total

Public funds Private funds

Total Federal State' Industry Nonprofit Federal State Industry Nonprofit

Millions of dollars Milhons of constant 1980 dollars
1960 886 448 46 253 139 0.3,54 2.565 1,297 133 732 402
1965 1.890 1,174 90 450 176 0.3901 4,845 3.009 231 1.154 451

1970 2,847 1,667 170 795 215 0.4948 5,754 3.369 344 1.607 435
1975 4,701 2,832 286 1,319 264 0.6779 6,935 4,178 422 1,946 389
1980 7,953 4,723 480 2.459 292 1.0000 7,953 4,723 480 2,459 292

1985 13,513 6,791 884 5,352 411, 1.4029 9.632 4.840 630 3,815 346
1989 20,900 9,230 1,465 9,404 801 1 7022 12,278 5,422 861 5,525 471

National performance of food and agriculture R&D'

Agriculture
Public Industry R&D Public Industry

Total research' Input Food deflator Total research' Input Food

Millions of dollars Millions of constant 1980 dollars
1960 435 217 126 92 0.3303 1,317 657 381 279

1965 669 346 192 131 0.4043 1,655 856 475 324

1970 997 505 286 206 0.5430 1,836 930 527 379
1975 1.475 749 453 273 0.7326 2,013 1,022 618 373

1980 2,632 1,186 938 508 1.0000 2,632 1,186 938 508

1985 4,029 1,664 1,370 995 1.4078 2,862 1,182 973 707

1989 4,836 2089, 1,625 1,122 1.5213 3,179 1,373 1,068 738

'Includes state and local government funds.

'Index is the National Institutes of Health biomedical research and development price index. Base year = 1980.

'Public sector performers. including state agricultural experiment stations (SAES) affihated with land-grant universities, receive 95 percent of their funds from public
sector sources. Private sector performers, including private research firms, receive more than 95 percent of their funds from private sector sources.

Includes research conducted by the Department of AgricuItu c (USDA's) Agricultural Research Service and Economic Research Service, and research conducted
at all SAES using both Federal and non-Federal (primarily state government) funds.

Includes R&D performed by agricultural input industries: agricultural chemicals. farm machinery. seeds, veterinary medicine, and agricultural biotechnology.

'Index for 1960.85 is an index specific to agriculture R&D developed by Pardey. Craig. and Hal !away. Index number for 1989 is based on the historical relationship
between the Pardey index and the GNP implicit price deflator. Base year = 1980.

SOURCES: National Institutes of Health. NIH Data Book (Washington. DC: NM, annual series): NIH unpublished tabulations; C.E. Pray and C. Neumeyer. "Trends
and Composition of Private Food and Agricultural R&D Expenditure in the United States.' P-02221-1-89 (New Brunswick. NJ: Rutgers College. 1989): personal
communication with Dr. Pray: USDA. -Inventory of Agricultural Research: Current Research Information System" (Washington, DC: USDA. annual series); and P.G.
Pardey. B. Craig. and M.L. Hallaway. "U.S. Agricultural Research Deflators: 1890.1985." Research Policy 18: 289-96.

See figure 4-11. Science & Engineering Indicators - 1991
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Appendix table 4-21.
Budgetary impact of the Federal research and experimentation (R&E) tax credit: FYs 1981-92

Appendix A. Appendix Tables

Cost of R&E credit'
Total

Federal
R&D

outlays
(c)

Ratio
of credit
outlays
to R&D
(a)/(c)

Cost of R&E credit
Total

Federal
R&D

outlays

Outlay
equivalent

(a)

Revenue
loss
(b)

Outlay
equivalent

Revenue
loss

Millions of current dollars Percent Millions of constant 1982 dollars'

1981 205 15 32,459 0.63 220 16 34,825

1982 640 415 34,391 1.86 640 415 34,391

1983 1,010 615 36,659 2.76 969 590 35,170

1984 3,360 1,380 39,691 8.47 3,106 1,276 36,686

1985 2,430 1,665 44,171 5.50 2,179 1,493 39,604

1986 2,295 680 50,609 4.53 2,004 594 44,196

1987 2,715 1,865 51,612 5.26 2,300 1,580 43,727

1988 1,240 900 54,739 2.27 1,020 740 45,009

1989 1,590 1,145 59,450 2.67 1,255 903 46,906

1990 1,625 1,115 63,158 2.57 1,233 846 47.911

1991 1,680 1,155 63,440 2.65 1,220 839 46,086

1992 1,220 835 68,065 1.79 851 583 47,503

NOTES: Tax expenditure estimates are prepared by the Treasury Department based on income tax law enacted as of December 31st of the year for which the
expenditures are reported. Expenditures for the years 1990-92 are estimated based on the assumption that the tax structure exishng December 31, 1990, is
unchanged.

Outlay equivalenr estimates are comparable to taxable outlay figures reported in the budget. This allows a comparison of the losource cost of the tax creditwith
the cost of direct Federal R&D expenditure support. The "revenue loss" estimates are net of taxes.

'See appendix table 41 tor GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCE: Office of Management and Budget, Budget of the United States Government (Washington, DC: OMB, annual series).
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Appendix table 4-22.
Geographic distribution of U.S. R&D expenditiires, by performer and source of funds: 1989

(page 1 of 2)

g)

I
go

121

s'

Ca

i.
Geographic area

Total
all

sectors

Federal
intra-
mural

Industry Universities and colleges (U&C). U&C FFRDCs :05
:

Non-
profits' ,Total

Federal
Gov't Industry Total

Federal Non-Fed.
Gov't gov't Industry U&C Other Total

Federal
Gov't

Millions of current dollars

TOTAL U.S. 139,842 14,651 101,599 31,366 70,233 14,701 8,804 1,201 9C .. c ,369 1,064 4,729 4,692 3,876
. di
lb*

New England 11,710 665 8,789 2,416 6,373 1,357 944 33 107 149 124 364 364 535

Connecticut 2,745 38 2,410 680 1,730 284 187 5 12 57 23 0 0 13
: 1

Maine 72 4 33 1 33 20 8 1 4 7 1 0 0 15 i to
: (.4

Massachusetts 7,949 401 5,825 1,691 4,134 868 622 19 79 5;,- 90 364 364 491

New Hampshire 202 22 95-140 D 95 62 42 3 3 9 5 0 0 0

Rhode Island 428 196 139 D D 80 56 3 6 12 2 0 0 13

Vermont' 314 4 242 287 D D 43 29 3 3 5 3 0 0 3

Middle Atlantic 22,918 793 19,084 3,988 15,096 2,376 1,454 147 179 364 232 189 388 276

New Jersey 7,229 430 6.381 601 5,780 283 118 45 17 83 20 113 112 22

New York 9,898 89 8,071 1,480 6,591 1,332 867 69 71 172 154 255 255 151

Pennsylvania 5,791 274 4,632 1,907 2,725 761 469 32 92 109 59 21 21 103

South Atlantic 17,779 6,538 8,100 2,598 5,502 2,720 1,673 262 178 499 109 32 31 389

Delaware' 8873 845 1,03 D D 37 17 2. 4 11 2 0 0 2

District of Columbia' 1.982 1,522 23-210 D 23 114 85 1 7 16 6 0 0 136

Florida 3,375 642 2,341 1,167 1,174 386 200 26 21 113 26 0 0 6

Georgia 1,302 158 719 D D 417 205 40 35 125 12 0 0 8

Maryland 5,091 3,012 1,088 552 536 922 706 64 35 92 25 0 0 69

North Carolina 1,826 60 1,305 5 1,300 425 262 b1 41 47 14 0 0 36

South Carolina 576 60 386 D D 120 42 17 8 45 8 C 0 10

Virginia 2,536 1,018 1,126 687 439 259 139 49 22 34 14 13 12 120

West Virginia 203 63 80-267 D 80 39 17 1 4 15 2 18 18 2

Southeast 3,132 864 1,640 653 987 581 304 /8 40 118 41 8 8 39

Alabama 1,223 568 428 213 215 207 115 18 16 41 16 0 0 20

Kentucky 343 31 226 0 226 84 33 7 8 31 6 0 0 2

Mississippi 264 130 56 D D 75 32 20 5 10 8 0 0 3

Tennessee 1.302 135 930 D D 215 124 32 10 37 11 8 8 14

Southwest 7,589 571 5,580 1,886 3,694 1,345 602 184 80 321 158 0 0 93

Arkansas 121 25 51 D D 44 14 12 4 10 4 0 0 1

Louisiana 384 36 168 D D 179 66 43 8 47 15 0 0 1

Oklahoma 507 46 332 D D 113 33 5 6 60 9 0 0 16

Texas 6,576 464 5,028 1,848 3,180 1,009 488 124 62 205 130 0 0 75

Great Lakes 23,347 1,288 19,308 1,267 18,041 2.072 1,178 195 136 415 148 528 521 151

Illinois 5,307 59 4,050 D D 604 338 36 39 151 41 528 521 65

Indiana 2,120 75 1.815 D D 227 136 19 18 44 10 0 0 3

Michigan 9,057 71 8,468 99 8,369 486 263 36 36 116 35 0 0 32

Ohio 5,465 1,056 3,946 681 3,265 417 242 49 26 62 38 0 0 46

Wisconsin 1,399 27 1,030 32 998 337 198 55 16 43 24 0 0 5

(continued)

3;12



Appendix table 4-22.
Geographic distribution of U.S. R&D expenditures, by performer and source of funds: 1989
(page 2 of 2)

Geographic area

Total
all

sectors

Industry Universities and colleges (U&C) U&C FFRDCs

Non-
profits

Federal
intra-
mural Total

Federal
Gov't Industry Total

Federal
Gov't

Non-Fed.
gov't Industry U&C Other Total

Federal
Gov't

Milhons of current dollars
Plains 6.530 166 6,307 1,770 3,537 965 483 135 69 220 58 22 22 70

Iowa 616 20 363 D D 209 103 25 15 61 6 22 22 2

Kansas 523 9 404 94 310 108 44 24 5 30 4 0 0 2

Minnesota 2,399 31 2.066 D D 259 133 43 12 44 27 0 0 43
Missouri 2,710 58 2,380 D D 255 140 15 25 60 16 0 0 17

Nebraska 182 22 64 D D 94 37 23 9 21 4 0 0 2

North Dakota 79 20 27 0 27 28 19 1 3 4 1 0 0 4

South Dakota 23 6 4 0 4 12 6 5 0 1 0 0 0 0

Mountain 7.109 1,021 4,095 1,896 2,199 874 514 70 62 182 46 993 978 126
Arizona 1.293 118 917 220 697 224 105 8 13 86 12 28 ;-'8 7

Colorado 1,649 117 1.162 251 911 226 167 11 14 18 17 63 61 80

Idaho 614 19 161-561 D 161 33 13 8 4 8 0 0 0 1

Montana 59 21 5-405 D 5 32 12 8 3 10 0 0 0 1

Nevada. 141 77 29 D D 34 18 2 4 9 1 0 0 1

New Mexico 2,680 594 1.034 D D 136 77 15 16 18 11 902 889 13

Utah 620 66 387 D D 165 109 17 6 28 5 0 0 2

Wyoming. 53 9 0-400 D D 23 14 2 2 6 0 0 0 21

Pacific 34,925 2,718 26.764 14.193 12,571 2,411 1,653 97 113 400 148 2,385 2,373 647

Alaska 118 51 9 D D 57 27 2 3 22 3 0 0 1

California 30.881 2,478 23.675 12.857 10.818 1.846 1,281 43 83 322 116 2.385 2,373 497

Hawaii 123 36 9 2 7 71 41 25 1 4 1 0 0 7

Orogon 579 42 355 30 325 161 99 21 5 17 20 0 0 21

Rishington 3.225 111 2.716 D D 277 205 6 21 36 8 0 0 121

Other unknown 4.803 27 2.932 699 2.233 286 8 8 1.550

wthheld to avoid (.11,;c1u5;Hig operations of individual companies. unknown

f distributed by state for universities and colleges are for doctorate granting institutions only. R&D performed at non-doctorate-granting institutions is included in "other unknown."

f or 111(, nonorolit sector. funds distributed by state include only Federal obligations to organizations in this sector Estimated nonFederal support to the nonprofit sectoris included in 'other unknown

the icdustry ser tor n.Torted data tall within the range specified. but have been withheld by the Census Bureau to avoid disclosing individual company operations Amount fur state total is R&D performance of
Government universities and colleges. academic federally funded research and development centers (FERDCs). and nonprofit sector, plus the niidpoint of the industry R&D performance range

rer dustry i;ector reporte(1 data fall within the range specified. but have been withheld by the Census Bureau to avoid disclosing individual company operations. Amount forstate total is R&D performance of
1.11 G'.)v pronliql! universities and colleges. academic FFRDCs. and nonprofit sector, plus the low end of the industry R&D performance range. Use of low end of range based on reported Nation& Science

1 itio NSF) indicAry data for 1985 and 1987. and Federal obligation data for 1989: this implicitly assumes that there were no major Shifts in industry R&D performance between 1987 and 1989

y itor r L0 r ed data fall within the range specified but have peen withheld by the Census Bureau to avoid disclosing individual company operations Amount for state total is R&D performance of
ii (iowninient iiiiiverAies and colleg. academic FFRDCs. arid nonprofit sector. plus the high end of the industry R&D performance range Usi-i of high end of range based on reported NSF industry data

fur 1985 irid 1987 and Federal obligation dafit for 1989: this implicitly assumes that View were no major shifts in industry R&D performance between 1987and 1989.

,) SflUCt. Suicricc FIP;otirco,; Stuthem Dvision, National Science Foundation, unpublished tabulations.

See figure 4 12 arid text tables 4-5 and 4-6 Science & Engirwering Indicators 1991 3
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Appendix table 4-23.
States leading in R&D performance by sector and R&D as a percentage of gross state product (GSP): 1989

337

Total R&D
($ millions) All sectors'

UniversitiPs
Industry & colleges'

Federal
Government R&D intensity of state economy

Largest 25 performers (ranked by size of R&D)

GSP'
R&D/GSP ($ billion)

30,881 1 California California California Maryland New Mexico 9.8% 27.2

9,898 2 NI York Michigan New York California. Delaware 5.7% 15.7

9,057 3 Michigan New York Texas Ohio Massachusetts 5.5%. 145.8

7,949 4 Massachusetts . New Jersey Maryland Virginia Maryland 5.1% 99.0

7,229 5 New Jersey. . . Massachusetts . Massachusetts . . Florida Michigan 5.0% 181.4

6,576 6 Texas Texas Pennsylvania. New Mexico California 4.5% 680.7

5,791 7 Pennsylvania Pennsylvania . . Illinois Alabama Idaho 3.8% 16.2

5,465 8 Ohio !llinois Michigan Texas New Jersey 3.7% 197.5

5,307 9 Illinois Ohio North Carolina. New Jersey Washington 3.3% 99.2

5,091 10 Maryland Washington Georgia Massachusetts Connecticut 3.0% 90.4

3,375 11 Florida Connecticut Ohio Pennsylvania. Vermont 2.8% 11,2

3,225 12 Washington. . . Missouri Florida Rhode Island . Missouri 2.7% 99.9

2,745 13 Connecticut . . . Florida Wisconsin Georgia Ohio 2.6% 211.2

2,710 14 Missouri Minnesota Connecticut Tennessee Minnesota 2.5% 94.2

2.680 15 New Mexico . . Indiana New Jersey Mississippi Pennsylvania 2.5% 227.6

2,536 16 Virginia North Carolina Washington Arizona Colorado 2.4% 67.9

2,399 17 Minnesota . . . . Colorado Virginia Colorado Rhode Island 2.2% 19.2

2,120 18 Indiana Virginia Minnesota Washington New York 2.2% 448.2

1,826 19 North Carolina . Maryland Missouri New York Utah 2.2% 28.7

1,649 20 Colorado New Mexico Indiana Nevada Illinois 2.1% 257.7

1,399 21 Wisconsin . . . . Wisconsin Colorado Indiana Indiana 2.0% 104.6

1,302 22 Georgia Tennessee Arizona Michigan Arizona 2.0% 64.7

1,302 23 Tennessee . . . Arizona Tennessee Utah Texas 1.9% 346.8

1,293 24 Arizona Delawiare Iowa Wes+ Virginia . Virginia 1.9% 133.9

1,223 25 Alabama Georgia Alabama North Carolina Alabama 1.8% 66.7

Less than 1.5°/0

$1 billion Smallest 25 performers (listed alphabetically) or less

Alaska Alabama Alaska Alaska Alaska 21.3

Arkansas Alaska Arkansas Arkansas Arkansas 37.5

Delawae Arkansas Delaware Connecticut Florida 230,4

Hawaii Hawai; Hawaii Delaware Georgia 127.4

Idaho Idaho Idaho Hawaii Hawaii 25.8

Iowa Iowa Kansas Idaho Iowa 54.6

Kansas Kansas Kentucky Illinois Kansas 49.8

Kentucky Kentucky Louisiana Iowa Kentucky 65.1

Louisiana Louisiana Maine Kansas Louisiana 81.6

Maine Maine Mississippi Kentucky Maine 23.0

Mississippi Mississippi Montana Louisiana Mississippi 38.2

Montana Montana Nebraska Maine Montana 13.9

Nebraska Nebraska Nevada Minnesota Nebraska . ... 31.7

Nevada Nevada New Hampshire. Missouri Nevada 27.4

New Hampshire . . New Hampshire New Mexico . . Montana New Hampshire 23.8

North Dakota . . . . North Dakota . . North Dakota. . . . Nebraska North Carolina 128.0

Oklahoma Oklahoma Oklahoma New Hampshire . North Dakota 12.1

Oregon Oregon Oregon North Dakota Oklahoma 54.9

Rhode Island . . . . Rhode Island . . Rhode Island. . . . Oklahoma Oregon 52.6

South Carolina . . . South Carolina . South Carolina . Oregon South Carolina 56.8

South Dakota. . . . South Dakota . . South Dakota . . . South Carolina. . . South Dakota . 11.8

Utah Utah Utah South Dakota Tennessee 91.0

Vermont Vermont Vermont Vermont West Virginia 26.8

West Virginia . . . . West Virginia . . West Virginia. . . Wisconsin Wisconsin 94.2

Wyoming Wyoming Wyoming Wyoming Wyoming 11.6

'Includes in-state R&D performance of industry, universities, associated federally funded research and development centers (FFRDCs). and Federal agencies and the

federally funded R&D performance of nonprofit institutions.

.Exducles R&D activities of FFRDCs located within these states.

'Gross state product data available from the Bureau of Economic Analysis (PEA) through 1986. GSP data for 1989 estimated here based on changes in employee

compensation and proprietors' income between 1986 and 1989. as reported by BEA.

SOURCE: Science Resources Studies Division. National Science Foundation. unpublished tabulations.

See text table 45. Science 8 Engineering Indicators - 1991
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Appendix table 4-24.
Summary of state programs related to science and technology (S&T) based economic development:
selected programs
(page 1 of 2)

Year
formed

Major state administrative agencies.
commissions, and boards concerned with

S&T-based economic development initiatives'

University
focus

Industry focus

R&D tax Startup
incentives supportGrants Centers

Alabama 1987 Alabama Science, Technology, & Energy Division
Alaska 1988 Alaska Science and Technology Foundation
Arizona 1990 Governor's Advisory Board on Science & High Technology C

Arkansas 1983 Arkansas Science & TechnolNy Authu :ti U C Credit

California 1989 California Office of Competitive Technology U I Other
Colorado 1986 Colorado Advanced Technology Institute U I

Connecticut 1972 Connecticut Innovations Incorporated U I SV

Delaware 1986 Governor's High Technology Task Force Ul Credit
Florida 1983 Florida High Technology and Industry Council S

Georgia 1980 Advanced Technology Development Center

Hawaii 1983 High Technology Development Corporation SV

Idaho 1988 Division of Science & Technology -
Illinois 1981 Office of Technology Aavancement and Development U I - SV

Indiana 1982 Business Modernization and Technology Corporation c Credit SV

Iowa 1983 lowa High Technology Council U I Credit SV

Kansas 1987 Kansas Technology Enterprise Corporation Ul Credit SV

Kentucky 1987 Office of Business and Technology V

Louisiana 1988 Louisiana Partnership for Technology & Innovation SV

Maine 1984 Maine Science and Technology Commission C Exemption

Maryland 1988 Office of Technology Development Exemption

Massachusetts 1985 Executive Office of Economic Affairs Exemption V

Michigan 1985 Michigan Strategic Fund Ul 3V

Minnesota 1983 Minnesota Technology, Inc Credit V

Mississippi 1985 Institute of Technology Development Credit

Missouri 1983 Missouri Corporation for Science & Technology
Montana 1985 Montana Science and Technology Alliance SV

Nebraska 1986 Nebraska Research and Development Authority SV

Nevada 1990 Industry, Science, Engineering & Technology Task Force
New Hampshire 1991 Office of Business and Industrial Development
New Jersey 1985 New Jersey Commission on Science and Technology C Exemption

New Mexico 1981 Economic Development Department Ul

New York 19S2 New York Science and Technology Foundation SV

North Carolina 1963 North Carolina Board of Science and Technology C Credit SV

North Dakota 1991 Science and Technology Corporation SV

Ohio 1983 Thomas Alva Edison Program Ul SV

Oklahoma 1987 OK Center for the Advancement of Science & Technology SV

Oregon 1985 Oregon Resource and Technology Development Corporation SV

Pennsylvania 1982 Ben Franklin Partnership Program Ul Exemption SV

Rhode Island 1985 Rhode Island Partnership for Science and Technology Other

South Carolina 1983 South Carolina Research Authority

(continued)
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Appendix table 4-24.
Summary of state programs related to science and technology (S&T) based economic development:
selected programs
(page 2 of 2)
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Year
formed'

Major state administrative agencies,
commissions, and boards concerned with

S&T-based economic development initiatives'

University
focus

Industry focus

R&D tax Startup
Grants Centers incentives support

South Dakota
Tennessee
Texas

1988
1982
1987

The Future Fund
Tennessee Technology Foundation
Office of Advanced Technology

Ul

Utah 1985 Centers of Excellence Program SV

Vermont 1988 Governor's Advisory Council on Technology Exemption

Virginia 1984 Center for Innovative Technology U I Exemption

Washington 1990 Office of Science & Technology Credit V

West Virginia 1977 Office of Community & Industrial Development - Credit V

Wisconsin 1990 Bureau of Research and Technology u Credit

Wyoming 1989 Science, Technology and Energy Authority Ul

NOTES: University focus to foster research and technology aimed at local economic development:
U = States sponsoring university research grants (partnerships with industry)
I = States funding research grants to industry, generally with active university participation
C = States with university research centers, which generally draw on the strengths of major industries in the state

R&D tax incentives:
Exemption = R&D materials and/or equipment are exempt from sales/use taxes
Credit = State tax credit on qualified R&D expenses conducted in-state
Other = California allows R&D expense3 to be deducted from state taxes and Rhode Island provides accelerated tax depreciation fo. R&D facihties

Startup support (includes programs for which the state provides ongoing support/oversight or onetime capitalization):
S = States with seed capital programs to assist companies yet to develop a marketable product
V = States with venture capital programs to assist developing companies with established business plans and commercially feasible projects

'Formation year can be that of a predecessor organization so long as the PAT activities of the successor organization(s) remained substantially unchanged.
Date can be considered as year of state's initial involvement in S&T development.

'In some states there is more than one major agency responsible for S&T development.

SOURCES; Technology Administration, U.S. Department of Commerce. Clearinghouse for State and Local Initiatives in Productivity, Technology, and Innovation,
unpublished tabulations (data as of August 1991); supplemental information from Paul Phelps, ADD, Inc., Alexandria. VA, personal communication.

See figure 4-13. Science & Engineering Indicators 1991
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Appendix table 4-25.
State agency expenditures from state funds for R&D and R&D plant: 1977 and 1988

Appendix A. Appendix Tables

R&D expenditures R&D plant R&D expenditures R&D plant

1977 1988 1977 1988 1977 1988 1977 1988

Thousands of current dollars Thousands of constant 1982 dollars'
TOTAL, ALL STATES 197,561 769,264 8,149 198,681 293,640 634,026 12,112 163,753

Alabama 385 1,047 33 0 572 863 49 0

Alaska 3,612 6,927 175 256 5,369 5,709 260 211

Arizona 429 670 27 42 638 552 40 35

Arkansas 211 1,027 41 0 314 846 61 0

California 23,659 53,305 81 1,25 35,165 43,934 120 1,001

Colorado 1,609 1,416 5 0 2,391 1,167 7 0

Connecticut 2,300 8,358 321 1,220 3,419 6,889 477 1,006

Delaware 202 2,511 22 0 300 2070, 33 0

Florin 7,374 13,736 1,254 365 10,960 11,321 1,864 301

Georgia 1,251 8,992 0 0 1,859 7,411 0 0

Hawaii 2,298 2,994 497 6,160 3,416 2,468 739 5,077
Idaho 595 961 0 0 884 792 0 0

Illinois 10,563 42,705 432 1,533 15,700 35,197 642 1,263

Indiana' 2,658 8,050 12 0 3,951 6,635 18 0

Iowa 1,179 7,800 63 0 1,752 6,429 94 0

Kansas 987 7,621 0 56 1,467 6,281 0 46

Kentucky 5,418 6,733 1,511 3,405 8,053 5,549 2,246 2,806

Louisiana 4,450 2,799 478 267 6,614 2,307 710 220

Maine 666 2,556 4 404 990 2,107 6 333

Maryland 7,606 172,148 97 3,684 11,305 141,884 144 3,036

Massachusetts 1,839 6,027 236 0 2,733 4,967 351 0

Michigan 4,797 15,192 114 51 7,130 12,521 169 42

Minnesota 2,987 6,160 48 488 4,440 5,077 71 402

Mississippi' 909 2,428 0 0 1,351 2,001 0 0

Missouri 634 955 107 23 942 787 159 19

Montana 1,783 3,166 4 394 2,650 2,609 6 325

Nebraska 252 1,483 14 0 375 1,222 21 0

Nevada' 199 1,806 1 0 296 1,489 1 0

New Hampshire 270 0 21 0 401 0 .41 0

New Jersey 2,060 21,006 60 23,020 3,062 17,313 ,.'9 18,973

New Mexico 2,380 34,110 255 2,790 3,537 28,113 379 2,300

New York 64,298 194,336 441 137,570 95,568 160,171 655 113,385

North Carolina 5,076 10,782 65 1,474 7,545 8,887 97 1,215

North Dakota 1,077 06 99 4 1,601 747 147 3

Ohio 5,302 29,361 11 606 7,880 24,199 16 499

Oklahoma 643 604 12 317 956 498 18 261

Oregon 1,750 1,992 90 0 2,601 1,642 134 0

Pennsylvania 5,712 35,592 4 3,084 8,490 29,335 6 2,542

Rhode Island 491 1,024 100 10 730 844 149 8

South Carolina 2,189 4,616 680 2,262 3,254 3,805 1,011 1,864

South Dakota 872 1,471 0 168 1,296 1,212 0 138

Tennessee 518 2,313 1 0 770 1,906 1 0

Texas 4,914 10,952 70 7 7.304 9,027 104 6

Utah 803 968 255 50 1,194 798 379 41

Vermont 100 300 0 0 149 247 0 0

Virginia 2,959 10,475 346 256 4,398 8,633 514 211

Washington 2,637 12,480 23 7,450 3,919 10,286 34 6,140

West Virginia 227 324 0 0 337 267 0 0

Wisconsin 2,251 5,783 31 50 3,346 4,766 46 41

Wyoming 180 296 8 0 268 244 12 0

'See appendix table 4-1 for GNP implicit price deflatom used to convert current dollars to constant 1982 dollars.

'Expenditures only for the state's lead science and technology or research and development agency.

SOURCES: Science Resources Studies Division (SRS), National Science Foundation. Research and Development in State and Local Governments. Fiscal Year
1977, NSF 79-327 (Washington, DC: NSF, 1979); and SRS, Research and Development Expenditures of State Government Agencies: Fiscal Years 1987 and 1988.
NSF 90-309 (Washington, DC: NSF, 1990).
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Appendix table 4-26.
International R&D expenditures and R&D as a percentage of GNP: 1961-89

R&D expenditures R&D expenditures as a percentage of GNP

United
States

West United
Japan Germany France' Kingdom Italy

United
Sweden States

West United
Japan Germany France' Kingdom Italy Sweden

Billions of constant 1982 dollars Percent

1961 45.8 3.9 NA 3.2 8.1 NA NA 2.7 1.4 NA 1.4 2.5 NA NA

1962 48.2 4.4 4.2 3.6 NA NA NA 2.7 1.5 1.2 1.5 NA NA NA

1963 52.6 4.9 4.9 4.0 NA 1.5 NA 2.8 1.5 1.4 1.6 NA 0.6 NA

1964 57.2 5.5 5.8 5.0 8.4 NA 0.7 2.9 1.5 1.6 1.8 2.3 NA 1.2

1965 59.4 6.1 6.7 5.8 NA 1.6 NA 2.8 1.6 1.7 2.0 NA 0.7 NA

1966 62.6 6.6 7.3 6.3 8.8 NA NA 2.8 1.5 1.8 2.1 2.3 NA NA

1967 64.4 7.6 7.9 6.8 8.9 2.0 0.8 2.8 1.6 2.0 2.2 2.3 0.7 1.3

1968 65.5 9.0 8.4 7.0 9.1 2.3 NA 2.8 1.7 2.0 2.1 2.2 0.8 NA

1969 64.7 10.5 8.3 7.1 9.4 2.6 0 8 2.7 1.7 1.8 2.0 2.3 0.8 1.3

1970 62.4 12.6 10.1 7.5 NA 3.0 NA 2.6 1.9 2.1 1.9 NA 0.9 NA

1971 60.4 13.5 11.0 7.8 NA 3.1 1.1 2.4 1.9 2.2 1.9 NA 0.9 1.5

1972 61.4 14.9 11.5 8.0 9.3 3.2 NA 2.4 1.9 2.2 1.9 2.1 0.9 NA

1973 62.4 16.3 11.4 8.0 NA 3.3 1.2 2.3 2.0 2.1 1.8 NA 0.8 1.6

1974 61.5 16.6 11.6 8.3 NA 3.2 NA 2.2 2.0 2.1 1.8 NA 0.8 NA

1975 59.9 16.8 12.0 8.3 10.1 3.5 1.4 2.2 2.0 2.2 1.8 2.1 0.9 1.7

1976 62.1 17.5 12.2 8.5 NA 3.4 NA 2.2 2.0 2.1 1.8 NA 0.9 NA

1977 63.7 18.2 12.5 8.7 NA 3.6 1.5 2.2 2.0 2.1 1.8 NA 0.9 1.8

1978 66.8 19.3 13.5 9.0 111 3.5 NA 2.1 2.0 2.2 1.8 2.2 0.8 NA

1979 70.1 21.2 15.2 9.6 NA 3.7 1.6 2.2 2.1 2.4 1.8 NA 0.8 1.9

1980 73.3 23.4 15.5 9.9 NA 3.9 NA 2.3 2.2 2.4 1.8 NA 0.9 NA

1981 76.6 25.8 16.1 10.9 12.2 4.6 2.0 2.4 2.3 2.5 2.0 2.4 1.0 2.4

1982 80.0 27.7 16.5 11.7 NA 4.8 NA 2.5 2.4 2.6 2.1 NA 11 NA

1983 85.8 30.1 16.0 12.0 11.9 5.1 2.3 2.6 2.6 2.5 2.1 2.2 1.1 2 6

1984 93.8 32.6 17.0 12.7 NA 5.5 NA 2.7 2.6 2.6 2.2 NA 1.0 NA

1985 102.5 36.1 18.8 13.1 12.8 6.3 2.8 2.8 2.8 2.8 2.3 2.3 1.1 3.0

1986 104.9 36.5 19.3 13.3 13.5 6.5 NA 2.8 2.8 2.8 2.2 2.4 1.1 NA

1987 106.6 39.1 20.2 13.8 13.6 7.1 3.0 2.8 2.8 2.9 2.3 2.3 1.2 3.0

1988 110.2 42.0 20.6 14.4 13.5 8.2 NA 2.7 2.9 2.9 2.3 2.2 1.3 NA

1989 111.1 45.9 21.9 15.0 13.2 8.2 2.9 2.7 3.0 2.9 2.3 2.0 1.3 2.8

NA = not available

'Conversions of foreign currencies to U.S. dollars are calculated with Organisation for Economic Cooperation and Development purchasing power parity exchange

rates. Constant 1982 dollars are based on U.S. Department of Commerce GNP implicit price deflators.

'French data are based on gross domestic product (GDP): consequently, percentages may be slightly overstated compared to GNP.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update (Washington, DC: NSF. ongoing

series).

See figures 01 and 0-2 in Overview. Science & Engineering In( 1991
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Appendix table 4-27.
International nondefense R&D expenditures and nondefense R&D as a percentage of GNP: 1971-89

Nondefense R&D expenditures' Nondefense R&D expenditures as a percentage of GNP

United
States

West
Japan Germany France

United
Kingdom Italy Sweden

United
States

West United
Japan Germany France' Kingdom Italy Sweden

Billions of constant 1982 dollars Percent
1971 41.8 13.3 10.2 6.0 NA 3.1 NA 1.7 1.9 2.0 1.5 NA 0.9 NA
1972 42.1 14.8 10.8 6.3 6.9 3.2 NA 1.6 1.9 2.1 1.5 1.5 0.9 NA
1973 43.8 16.2 10.6 6.2 NA 3.2 NA 1.6 2.0 1.9 1.4 NA 0.8 NA
1974 44.2 16.5 10.9 6.6 NA 3.1 NA 1.6 2.0 2.0 1.4 NA 0.8 NA

1975 43.1 16.7 10.9 6.7 7.2 3.5 1.2 1.6 2.0 2.1 1.5 1.5 0.9 1.4

1976 45.3 17.4 11.5 6.9 NA 3.4 NA 1.6 2.0 2.0 1.4 NA 0.8 NA
1977 46.0 18.1 11.8 7.1 NA 3.5 1.2 1.6 2.0 2.0 1.4 NA 0.9 1.5
1978 48.8 19.1 12.7 7.2 8.0 3.4 NA 1.6 2.0 2.1 1.4 1.6 0.8 NA
1979 52.4 21.1 14.4 7.5 NA 3.7 1.4 1.6 2.1 2.3 1.4 NA 0.8 1.7

1980 55.6 23.3 14.7 7.7 NA 3.9 NA 1.7 2.2 2.3 1.4 NA 0.8 NA
1981 56.9 25.7 15.4 8.2 8.7 4.4 1.9 1.8 2.3 2.4 1.5 1.7 1.0 2.2
1982 57.9 27.5 15.8 9.1 NA 4.6 NA 1.8 2.4 2.5 1.6 NA 1.0 NA
1983 64.8 29.9 15.3 9.4 8.5 4.9 2.1 1.9 2.5 2.4 1.7 1.6 1.1 2.4
1984 66.7 32.4 16.2 9.9 NA NA NA 1.9 2.6 2.5 1.7 NA NA NA

1985 . 72.2 35.9 17.9 10.5 9.1 6.0 2.5 2.0 2.8 2.7 1.8 1.6 1.1 2.6
1986 72.5 36.2 18.3 10.6 10.1 6.2 NA 1.9 2.8 2.7 1.8 1.7 1.1 NA
1987 73.4 38.8 19.2 10.8 10.7 6.7 2.7 1.9 2.8 2.8 1.8 1.8 1.2 2.7
1988 77.1 41.7 19.7 11.2 10.9 7.7 NA 1.9 2.9 2.7 1.8 1.7 1.3 NA
1989 79.0 45.5 20.9 11.8 10.4 7.7 2.6 1.9 3.0 2.8 1.8 1.6 1.2 2.5

NA = not available

'Nondefense expenditures are estimated here as total R&D expenditures-generally as reported by the R&D performers (see appendix table 4-26)-minus goverment
R&D funds for defense purposes (see appendix.table 4-30)-generally taken from national budget documents: that is, as reported by the R&D funders. Conversions
of foreign currencies to U.S. dollars are calculated with Organisation for Economic Cooperation and Development purchasing power parity exchange rates. Constant
1982 dollars are based on U.S. Department of Commerce GNP implicit price deflator.

'French data are based on gross domestic product (GDP): consequently, percentages may be slightly overstated compared to GNP.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update (Washington. DC: NSF, ongoing
series).

See figure 4-15 and figures 0-2 and 0-3 in Overview. Science & Engineering Indicators 1991
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Appendix table 4-28.
International comparison of R&D expenditures, Lly source of funds and sector of
performance for selected countries: 1975 and 1989

343

United
States Japan

West
Germany France

United
Kingdom

Source of funds

1975

Percent

Total 100 100 100 100 100

Government 51 29 47 54 52

Industry 45 55 50 39 41

Higher education 2 15 0 1 1

Other' 2 1 2 6 7

Billions of constant
1982 dollars $59.4 $16.7 $11.9 $8 1 $10.1

1989'
Total 100 100 100 100 100

Government 45 19 33 49 37

Industry 51 72 65 43 51

Higher education 3 8 0 0 1

Other' 1 1 2 7 11

Billions of constant
1982 dullars $111.1 $45.9 $21.9 $15.0 $13.2

Performing sector

Percent

1975
Total 100 100 100 100 100

GovernmerV 15 12 17 23 26

Industry 69 57 63 60 62

Higher education 13 28 20 16 8

Other' 4 3 1 3

Billions e. 3onstant
1982 dollars $59.4 $16.7 $11.9 $8.1 $10.1

1989'
Total 100 100 100 100 100

Government 11 8 13 24 15

Industry 72 70 72 60 67

Higher education 14 18 14 15 14

Other' 3 4 1 4

Billions of constant
1982 dollars $111.1 $45.9 $21.9 $15.0 $13.2

= less than 0.5 percent

NOTE; Percentages may not sum to 100 because of rounding.

'Private nonprofit institutions.

'French data for 1989 are NSF estimates; United Kingdom data are for 1988.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update (Washington, DC: NSF, ongoing

series).

See figure 4-14. Science & Engineering Indicators 1991
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Appendix table 4-29.
Basic research expenditures as a percentage of totp! R&D, by country: 1975-88

United
States Japan

West
Germany France

United
Kingdom Italy Sweden

-Percent
1975 13 12 26 NA 14 20 NA
1976 13 15 25 NA 13 20 NA
1977 13 15 25 21 13 20 18

1978 14 16 22 NA 13 19 NA
1979 14 15 21 21 13 16 18

1980 13 14 21 21 13 15 NA
1981 13 13 22 21 13 15 23
1982 13 13 21 21 NA 15 NA
1983 13 13 21 21 NA 16 NA
1984 13 13 NA 20 NA 16 NA

1985 12 12 18 20 NA 16 20
1986. 14 13 NA 20 NA 17 NA
1987 14 13 19 20 NA NA 23
1988 , 14 13 NA 23 NA NA NA

NA = not available

NOTES: Data for basic research are somewhat less reliable than those for total R&D expenditures. Each percentage generally relates to the total current R&D
expenditures: for countries other than the United States, this may include some general university funds. Data for France and the United Kingdom are estimated for
certain years.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update (Washington. DC: NSF, ongoing
series).
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Appendix table 4-30.
Distribution of government R&D budget appropriations, by socioeconomic objective: 1984 and 1989

Objective

United States Japan West Germany France United Kingdom

1984 1989 1984 1989 1984 1989 1984 1989 1984 1989

Percent
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Agriculture, forestry, and fishing 2.2 1.9 10.9 3.7 2.4 2.1 4.7 4.1 5.0 4.5
Industrial development 0.2 0.2 6.1 4.6 11.6 12.8 11.7 13.3 8.5 8.5
Energy 5.8 3.9 14.0 22.2 15.0 6.4 7.9 3.5 5.3 3.3

Infrastructure 2.5 1.8 2.5 1.7 2.2 2.0 3.5 0.9 4.8 1.5

Transportation & telecommunications 2.4 1.7 1.4 1.4 1.1 0.5 2.2 NA 0.5 0.3
Urban and rural planning 0.1 0.1 1.1 0.3 1.1 1.5 1.3 NA 1.0 1,2

Environmental protection 0.5 0.5 1.4 0.4 2.8 3.4 0.5 0.7 1.2 1.3

Health 11.3 12.9 2.5 2.7 3.2 3.5 3.8 3.3 3.5 5.1

Social development and services 1.0 1.1 0.7 1.0 2.4 2.5 1.4 0.5 0.7 2.2
Earth and atmosphere 1.2 1.0 1.1 1.0 2.2 2.2 2.0 1.6 1.7 2.4

Advancement of knowledge 3.8 3.8 53.5 51.1 44.4 46.7 26.5 27.1 19.6 22.4
Advancement of research 3.8 3.8 1.7 7.8 11.4 13.9 16.2 15.5 5.1 4.8
General university funds 51.8 43.3 33.0 32.8 10.3 11.6 14.6 17.6

Civil space 5.2 7.3 4.4 6.3 3.9 5.7 5.8 7.7 2.2 3.1

Defense 66.2 65.5 2.8 5.1 9.8 12.8 31.3 37.0 49.4 45.5
Not elsewhere classified 0.0 0.0 0.0 0.0 0.0 0.1 0.9 0.4 1.8 0.3

NA = not separately available but included in subtotal
- = the United States does not have an equivalent to Europe's and Japan's general university funds

NOTES: Percentages may not sum to 100 because of rounding. U.S. data are based on budget authority. Because of general university funds and slight differences
in accounting practices. the distribution of government budgets among socioeconomic objectives may not completely reflect the actual distribution of government-
funded research in particular fields. Japanese data are based on science and technology budget data, which include items other than R&D. Such items are a small
proportion of the budget. and therefore the data may still be used as an approximate indicator of relative government emphasis on R&D by objective.

SOURCE: Science Resources Studies Division, National Science Foundation, International Science and Technology Data Update (Washington. DC: NSF, ongoing
series).

See text tabL) 4-7. Science & Engineering Indicators - 1991



Appendix table 4-31.
Company-financed R&D performed outside the United States by U.S. companies and their foreign subsidiaries, by industry: 1974-89

i 6
Z
C.)
(b

Industry 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 oo

171o
Millions of current U.S. dollars

TOTAL 1,300 1,454 1,659 1,877 2,209 2,754 3,165 3,393 3,094 3,269 3,633 3,650 4,624 5,226 6,295 6,519 i ci
: (I)

Food, kindred, and tobacco products' . . . . 27 23 29 32 43 51 54 62 64 63 70 75 69 37 27 34
1 Z.

, z
;to

ia.
Chemicals and allied products 208 269 312 332 395 500 603 715 682 729 786 843 1,071 1,243 1,501 1,287 g

Industrial and other chemicals 82 85 108 133 151 199 246 287 319 368 385 444 579 625 781 473 I 6,

Drugs and medicines 126 184 204 199 244 301 357 428 363 361 401 399 492 618 720 814
1

Petroleum refining and extraction ' 141 194 133 103 101 47 40 47 58 46 co
.....

Stone, clay, and glass products 7 7 NA 21 18 10 19 60 D D D D D

Primary metals 3 9 12 9 9 11 11 9 9 10 9 D D 18 24 23

Fabricated metal products 22 24 29 NA NA 30 25 23 21 21 26 40 D D

Machinery 258 331 352 411 460 534 599 612 494 577 740 689 951 1,233 1,364 1,455

Electrical equipment 238 245 278 300 352 445 451 475 467 482 537 591 S 432 669 615

Radio and TV receiving equipment . . NA NA NA NA NA NA NA NA NA NA NA D D 0 D D

Communication equipment NA NA NA NA NA NA NA NA NA NA D D D 188 339 278

Electronic components 4 7 9 13 17 25 29 40 38 NA 92 117 150 204 278 245

Other electrical equipment NA NA 6 5 9 11 11 39 43 38 30 24 25 39 D D

Transportation equipment 406 412 464 558 640 874 1,020 884 843 880 907 1,025 D D 1,801 2,101

Motor vehicles & other transportation
equipment 364 373 423 514 NA NA NA NA NA NA D D D D 1,469 1,491

Aircraft and missiles 42 39 41 44 NA NA NA NA NA NA D D 182 237 332 610

Professional and scientific instruments . . 39 49 69 81 121 156 186 230 237 NA 263 169 212 317 393 441

Other manufacturing industries 111 105 137 144 181 213 139 156 123 92 131 125 141 138 145 166

Nonmanufacturing industries 3 4 4 9 12 5 7 8 7 10 8 18 27 64 95 89

Millions of constant 1982 U.S. dollars'

TOTAL 2,409 2,452 2,630 2,790 3,059 3,505 3,692 3,611 3,094 3,148 3,372 3.290 4,063 4,450 5,188 5,161

D withheld to avoid disclosing operations of individual companies
S withheld because of imputation of more than 50 percent

included in the other manufacturing industries group
NA not separately available, but included in totals

Until 1984, the tobacco products category. Standard Industrial Classitic.ition code 21, was included in the other manufacturing industries group.

See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOUHCES Science Resources Studies Division, National Science Foundation. Research and Development in Industry (Washington, DC: NSF, ongoing series); and unpubhshed tabulations.

See figure 4.16.
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Appendix table 4-32.
Foreign R&D expenditures in the United States, by industry and country: 1977-88

Appendix A. Appendix Tables

Industry and country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

--Millions of current U.S. dollars

TOTAL 933 1,230 1,584 1,946 3,110 3,744 4,164 4,738 5,240 5,804 6,521 7,382

Expenditures by industry
Manufacturing 851 1,099 1,450 D 2,898 3,388 3,863 4,424 4,866 5,391 5,864 6,747

Petroleum 108 158 149 D 253 255 310 366 388 380 311 345

Food and kindred products 7 16 14 19 32 39 44 43 51 54 58 104

Chemicals and allied products . . 483 604 773 834 1,580 1,870 2037, 2,349 2,627 2,782 3,220 3,656

Industrial chemicals 181 234 308 454 1,085 1,329 1,397 1,620 1,836 1,657 1,899 2,087

Drugs and medicines 175 194 264 234 316 371 459 529 563 958 1,091 1,299

Other chemicals 127 176 201 146 179 170 181 200 228 167 230 270

Primary metal industries 16 11 15 24 71 79 59 66 102 97 91 111

Fabricated metal products 21 16 30 21 20 28 82 54 64 76 67 112

Machinery, except electrical 69 94 129 189 284 297 350 355 342 286 476 562

Office and computing machines NA NA NA NA NA NA NA NA NA NA 370 401

Other NA NA NA NA NA NA NA NA NA NA 106 161

Electrical equipment 98 131 229 318 385 505 613 799 977 1,n6 1,105 1,229

Transportation equipment 4 4 26 101 136 150 92 95 83 124 76 88

Professional and scientific instruments. 15 18 28 32 52 47 42 42 58 112 279 225

Nonmanufacturing 82 131 134 D 212 356 301 314 374 413 637 635

Services 19 20 14 37 43 41 51 60 54 77 243 274

Other 63 111 120 D 169 315 250 254 320 336 394 361

Expenditures by country
Canada 74 85 102 135 777 1,032 1,212 1,405 1,550 1,542 1,666 D

Europe 790 996 1,253 1,544 1,936 2,229 2,324 2,632 2,918 3,450 3,881 4,403

France 62 89 56 146 204 232 215 261 166 352 366 419

Germany 101 189 311 380 436 529 591 602 671 851 1,139 1,180

The Netherlands 190 215 244 299 373 397 387 432 514 517 542 597

Sweden 10 12 14 36 53 54 62 63 116 141 128 162

Switzerland 241 287 352 338 416 447 463 546 625 744 765 898

United Kingdom 155 176 252 312 405 520 559 664 748 764 833 1,042

Other European countries 31 28 24 33 49 50 47 64 78 81 108 105

Japan 23 54 77 88 142 141 171 210 267 292 307 515

Latin America 35 73 132 D D D 401 423 427 427 391 366

Rest of world 11 22 20 D D D 56 68 78 93 276 D

Millions of constant 1982 U.S. dollars'

TOTAL 1,387 1,703 2,016 2,270 3,310 3,744 4,009 4,398 4,723 5,099 5,553 6,084

D = withheld to avoid disclosing operations of individual companies
NA = not available

NOTE: Includes foreign direct investments of nonnank U.S. affiliates only.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982dollars.

SOURCE: U.S. Bureau of Economic Analysis. Foreign Direct Investment in the United States (Washington, DC: BEA, ongoingseries).

See figure 4-16. Science & Engineering Indicators 1991
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Appendix table 5-1.
Expenditures tor academic basic research, applied research, and deveicpment: 1960-91

Total
academic

R&D
Basic

research
Applied
research

Develop-
ment

Total
academic

R&D
Basic Applied

research research
Develop- Basic Applied Develop-

ment research research ment

Millions of current dollars Millions of constant 1982 donars' Percentage of total
1960 646 433 179 34 2,077 1,392 575 109 67.0 27.7 5.3

1961 763 536 192 35 2,427 1,705 611 111 70.2 25.2 4.6

1962 904 659 205 40 2,825 2,060 641 125 72.9 22.7 4.4

1963 1,081 814 227 40 3,318 2,498 697 123 75.3 21.0 3.7

1964 1,275 1,003 232 40 3,858 3,035 702 121 78.7 18.2 3.1

1965 1,474 1,138 279 57 4,368 3,372 827 169 77.2 18.9 3.9

1966 1,715 1,303 328 84 4,937 3,751 944 242 76.0 19.1 4.9

1967 1921, 1,457 374 90 5,347 4,056 1,041 251 75.8 19.5 4.7
1968 2,149 1,650 403 96 5,778 4,437 1,084 258 76.8 18.8 4.5

1969 2,225 1,711 407 107 5,677 4,365 1,038 273 76.9 18.3 4.8

1970 2,335 1,796 427 112 5,629 4,329 1,029 270 76.9 18.3 4.8
1971 2,500 1,914 474 112 5,726 4,384 1,086 257 76.6 19.0 4.5
1972 2,630 2,022 524 84 5,710 4,390 1,138 182 76.9 19.9 3.2

1973 2,884 2,053 713 118 5,965 4,246 1,475 244 71.2 24.7 4.1

1974 3,022 2,153 736 133 5,794 4,128 1,411 255 71.2 24.4 4.4

1975 3,409 2,410 851 148 5,926 4,190 1,479 257 70.7 25.0 4.3

1976 3,729 2,549 1,016 164 6,007 4,106 1,637 264 68.4 27.2 4.4

1977 4,067 2,800 1,067 200 6,067 4,177 1,592 298 68.8 26.2 4.9
1978 4,625 3,176 1,213 236 6,449 4,428 1,691 329 68.7 26.2 5.1

1979 . . . . . . 5,380 3,628 1,477 275 6,907 4,657 1,896 353 67.4 27.5 5.1

1980 6,077 4,041 1,698 338 7,171 4,769 2,004 399 66.5 27.9 5.6

1981. 6,846 4,596 1,865 385 7,345 4,931 2001, 413 67.1 27.2 5.6

1982 7,323 4,882 2,037 404 7,323 4,882 2,037 404 66.7 27.8 5.5

1983 7,877 5,304 2,146 427 7,557 5,089 2,059 410 67.3 27.2 5.4

1984 8,617 5,735 2,459 423 7,965 5,301 2,273 391 66.6 28.5 4.9

1985 9,686 6,559 2,673 454 8,684 5,881 2,397 407 67.7 27.6 4.7

1986 10,926 7,495 2,911 520 9,542 6,545 2,542 454 68.6 26.6 4.8

1987 12,153 8,398 3,168 587 10,296 7,115 2,684 497 69.1 26.1 4.8
1988 13,465 8,827 3,993 645 11,072 7,258 3,283 530 65.6 29.7 4.8

1989 14,987 9,685 4,581 721 11,825 7,642 3,614 569 64.6 30.6 4.8

1990 (est.). . . 16,000 10,350 4,845 805 12,137 7,851 3,675 611 64.7 30.3 5.0

1991 (est.). . . 17,200 11,100 5,220 880 12,495 8,064 3,792 639 64.5 30.3 5.1

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division, National Science Foundation, National Patterns of R&D Resources: 1990, NSF 90-316 (Washington, DC:
NSF, 1990); and unpublished tabulations.

See figure 5-1. Science & Engineering Indicators - 1991
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Appendix table 5-2.
Support for academic R&D, by sector: 1960-91
(page 1 of 2)

Fiscal year Total
Federal

Government
State/local

governmer" Industry
Academic
institutions

All other
sources

Millions of current dollars
1960 646 405 85 40 6-, 52

1961 763 500 95 40 70 58

1962 904 613 106 40 79 66

1963 1,081 760 118 41 89 73

1964 1,275 917 132 40 103 83

1965 1,474 1,073 143 41 124 93

1966 1,715 1,261 156 42 148 108

1967 1,921 1,409 164 48 181 119

1968 2,149 1,572 172 55 218 132

1969 2,225 1,600 197 60 223 145

1970 2,335 1,647 219 61 243 165

1971 2,500 1,724 255 70 274 177

1972 2,630 1,795 270 74 305 187

1973 2,884 1,935 295 84 318 202

1974 3,022 2,032 307 95 370 219

1975 3,409 2,288 332 113 417 259

1976 3,729 2,512 364 123 446 285

1977 4,067 2,726 374 139 514 314

1978 4,625 3,059 412 170 625 359

1979 5,380 3,604 476 194 738 368

1980 6,077 4,104 496 236 837 403

1981 6.846 4,565 546 291 1,008 436

1982 7,323 4,763 616 337 1,115 492

1983 7,877 4,983 626 388 1,303 577

1984 8,617 5,423 690 475 1,413 615

1985 9,636 6,056 754 559 1,622 695

1986 10,926 6,702 916 699 1,873 735

1987 12,153 7,333 1,024 789 2,176 831

1988 13,465 8,181 1,107 870 2,367 941

1989 14,987 8,972 1,239 984 2,710 1,083

1990 (est.)' 16,000 9,250 1,396 1,100 3,054 1,200

1991 (est.)' 17,200 9,650 1,553 1,250 3,397 1,350

Millions of constant 1982 dollars' _

1960 2077, 1,302 273 129 206 167

1961 2,427 1,590 302 127 223 184

1962 2,825 1.916 331 125 247 206

1963 3,318 2,332 362 126 273 224

1964 3,858 2,775 399 121 312 251

1965 4,368 3,179 424 121 367 276

1966 4,937 3,630 449 121 426 311

1967 5,347 3,922 457 134 504 331

1968 5,778 4,227 462 148 586 355

1969 5 677 4,082 503 153 569 370

1970 5.629 3,970 528 147 586 398

1971 5.726 3,949 584 160 628 405

1972 5,710 3,897 585 161 662 406

1973 5.965 4,106 609 174 658 418

1974 5,794 3,896 588 182 709 420

1975 5.926 3,978 577 196 726 450

1976 6,007 4,046 586 198 718 459

1977 6.067 4,067 558 207 767 468

1978' 6,449 4,265 574 237 871 501

1979 6,907 4,627 612 249 947 472

(continued)
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Appendix table 5-2.
Support for academic R&D, by sector: 1960-91
(page 2 of 2)

Fiscal year Tclal
Federal

Government
btate/local
government Industry

Academic
institutions

All other
sources

Millions of constant 1982 dollars'
1979 6,907 4,627 612 249 947 472
1980 7,171 4,843 586 278 NB 476
1981 7,345 4.898 586 312 1,082 468
1982 7,323 4,763 616 337 1,115 492
1983 7,557 4,781 600 372 1,250 554
1984 7,965 5,012 638 439 1,306 568
1985 8,684 5.430 676 501 1,454 623
1986 9,542 5,853 BOO 610 1,636 642
1987 10,296 6,213 868 668 1,843 704
1988 11,072 6,727 910 715 1,946 774
1989 11,825 7,079 978 776 2,138 854

1990 (est.)' 12,137 7,017 1,059 834 2,316 910
1991 (est.)' 12,495 7,010 1,128 908 2,467 981

Percent __._ __.----

1960 100 62.7 13.2 6.2 9.9 8.0
1961 100 65.5 12.5 5.2 9.2 7.6
1962 100 67.8 11.7 4.4 8.7 7.3
1963 100 70.3 10.9 3.8 8.2 6.8
1964 100 71.9 10.4 :1.1 8.1 6.5
1965 100 72.8 9.7 2.8 8.4 6.3
1966 100 73.5 9.1 2.4 8.6 6.3
1967 100 73.3 8.5 2.5 9.4 6.2
1968 100 73.2 8.0 2.6 10.1 6.1

1969 100 71.9 8.9 2.7 10.0 6.5

1970 100 70.5 9.4 2.6 10.4 7.1

1971 100 69.0 10.2 2.8 11.0 7.1

1972 100 68.3 10.3 2.8 11.6 7.1

1973 100 68.8 10.2 2.9 11.0 7.0

1974 100 67.2 10.2 3.1 12.2 7.2
1975 100 67.1 9.7 3.3 12.2 7.6
1976 100 67.4 9.8 3.3 11.9 7.6
1977 100 67.0 9.2 3.4 12.6 7.7

1978' 100 66.1 8.9 3.7 13.5 7.8

1979 100 67.0 8.9 3.6 13.7 6.8

1980 100 67.5 8.2 3.9 13.8 6.6

1981 100 66.7 8.0 4.3 14.7 6.4
1982 100 65.0 8.4 4.6 15.2 6.7
1983 100 63.3 7.9 4.9 16.5 7.3

1984 100 62.9 8.0 5.5 16.4 7.1

1985 10C 62.5 7.8 5.8 16.7 7.2

1986 100 61.3 8.4 6.4 17.1 6.7

1987 100 60.3 8.4 6.5 17.9 6.8

1988 100 60.8 8.2 6.5 17.6 7.0

1989 100 59.9 8.3 6.6 18.1 7.2

1990 (est.)' 100 57.8 8.7 6.9 7.5

1991 (est.)' 100 56.1 9.0 7.3 19.7 7.8

'Relative amounts of funds from state and local governments and from academic institutions are estimated from previous years raho.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division, National Sciece Foundation. Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989.
NSF 90-321. Detailed Statistical Tables (Washington. DC: NSF, 1991); and annual series.

See figtees 5-1 and 5-2 and figure 0-19 in Overview. Science 8 Engineering Indicators - 1991
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Appendix table
Sources of R&D and public institutions, by sector: 1980 and 1989

Appendix A. Appendix Tables

5-3.
funds at private

Type of
institution Total

Federal
Government

State and
local

government Industry
Academic
institutions

Other
sources

Jhousands of dollars
1980
Private 2,213,087 1,744,398 44,048 94,954 164,580 165,107

Public 3,863,626 2,359,777 452,239 141,399 672,385 237,826

1989
Private 5,164,603 3,787,343 125,730 358,983 454,901 437,648

Public 9,822,676 5,185,125 1,113,379 624,591 2,254,690 644,891

Percent

1980
Private 100.0 78.8 2.0 4.3 7.4 7.5

Public 100.0 61.1 11.7 3.7 17.4 6.2

1989
Private 100.0 73.3 2.4 7.0 8.8 8.5

Public 100.0 52.8 11.3 6.4 23.0 6.6

SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989,

NSF 90321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and annual series.
Science & Engineering Indicators 1991
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Appendix table 5-4.
R&D expenditures at the top 100 universities and colleges, by source of funds: 1989
(page 1 of 3)

Academic institutions' ranking

Institu-
tional

category Total
Federal

Gov't

State and
local
gov't

Academic
Industry institutions

All other
sources

Thousands of dollars
Total, all institutions 14,556,179 8,550,551 1,238,860 983,574 2,700,657 1,082,539

1 Massachusetts Institute of Technology Private 287,157 215,140 3,211 39,650 6,692 22,464

2 Cornell University Private 286,733 157,984 40,405 16,627 49,157 22,560

3 Stanford University Private 285,994 238,650 392 13,764 14,261 18,927

4 University of Wisconsin-Madison Public 285,982 169,452 49,054 11,035 37,916 18,525

5 University of Michigan Public 280,905 174,875 2,533 22,023 61,626 19,848

6 University of Minnesota Public 268,614 132,880 42,542 12,389 43,713 27,090

7 Texas A & M University-all campuses Public 250,706 93,584 65,179 21,204 63,053 7,686

8 University of California-Los Angeles Public 227,828 159,002 3,479 7,548 32,975 24,824

9 University of Washington Public 221,712 182,453 3,795 19,135 13,181 3,148

10 Pennsylvania State University-
all campuses Public 219,930 114,646 8,907 30,256 66,036 85

Total, 1st 10 institutions 2,605,56 I 1,638,666 219,497 193,631 388,610 165,157

11 University of California-San Francisco Public 219,446 159,906 8,770 6,226 24,269 20,275

12 Johns Hopkins University' Private 217,295 168,267 2,087 11,013 17,577 18,351

13 University of California-San Diego Public 216,991 171,479 3,288 6,824 19,057 16,343

14 University of Illinois-Urbana Public 210,590 114,398 25,838 15,785 47,336 7,233

15 University of California-Berkeley Pubhc 209,967 124,371 7,154 8,480 59,984 9,978

16 Harvard University Private 209,519 143,451 1,135 10,461 16,602 37,870

17 University of Texas-Austin Public 193,337 94,311 15,724 2,694 64,591 16,017

18 University of California-Davis Public 180,297 72,718 10,322 8,039 79,601 9,617

19 Georgia Inst. of Technology-all campuses . Public 174,664 98,048 1,093 21,346 54,177 0

20 University of Arizona Pubhc 174,119 80,533 7,257 9,729 66,070 10,530

Total, 1st 20 institutions 4,611,786 2,866,148 302,165 294,228 837,874 311,371

21 University of Pennsylvania Private 173,744 123,810 2,730 9,582 8,984 28,638

22 Columbia University Private 172,145 146,712 2,461 f: 408 4,189 13,375

23 Yale University Piivate 171,139 138,835 920 6,563 9,736 15,085

24 Ohio State University-all campuses Public 162,690 75,484 32,949 9,449 26,640 18,168

25 University of Southern California Private 162,013 119,005 2,751 14,716 25,541 0

26 University of Maryland-College Park Public 149,510 58,924 43,675 12,940 33,971 0

27 University of Georgia Public 145,953 42,797 36,081 4,877 60,675 1,523

28 University of Colorado Public 143,694 109,145 1,692 6,728 12,175 13,954

29 Baylor College of Medicine Private 134,681 69,336 5,565 7,263 15,513 37.004

30 Duke University Private 131,090 99,036 914 12,551 9,082 9,507

Total, 1st 30 Institutions 6,158,445 3,849,232 431,903 384,305 1,044 380 448,625

31 North Carolina State University-Raleigh Public 128,891 37,783 45,487 21,735 21,705 2,181

32 Washington University Private 128,419 96,829 1,532 13,500 8,114 8,444

33 University of Florida Public 125,770 60,731 10,180 10,579 38,144 6,136

34 University of Tennessee-System Office Public 124,820 57,763 24,454 6,636 29,911 6,056

35 Rutgers State University of New Jersey Public 124,574 35,896 26,369 6,087 50,305 5,917

36 Purdue University-all campuses Public 124,323 63,979 17,641 11,451 25,954 5,298

37 University of Rochester Private 123,997 101,049 6,088 4,913 2,779 9,168

38 Louisiana State University-all campuses Public 122,357 40,114 37,182 2,120 32,750 10,191

39 University of North Carolina-Chapel Hill Public 122,097 93,280 13,655 579 14,428 155

40 Michigan State University Public 121,456 51,741 22,456 4,068 33,253 9,938

(continued)
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Appendix table 5-4.
R&D expenditures at the top 100 universities and colleges, by source of funds: 1989
(page 2 of 3)

Academic institutions' ranking
Institutional

category Total
Federal

Gov't

State and
local
gov't

Academic
Industry institutions

All other
sources

--Thousands of dollars

Total, 1st 40 institutions 7,405,149 4,488,397 636,947 465,973 1,301,723 512,109

41 Northwestern University Private 118,991 57,510 831 5,289 45,008 10,353

42 University of Pittsburgh Public 111,265 81,217 1,190 9,406 8,148 11,304

43 University of Massachusetts-System Office . . Public 110,644 56,505 10,337 11,480 27,383 4,939

44 University of Chicago Private 109,429 90,459 558 1,520 9,075 7,817

45 University of Connecticut Public 109,328 46,184 4,249 4,996 46,208 7,691

46 University of Iowa Public 105,900 74,271 1,121 10,301 18,102 2,105

47 New York University Private 104,451 81,143 798 4,066 7,727 10,717

48 Virginia Polytechnic Inst. & State Univ Public 104,266 38,597 36,412 9,825 16,841 2,591

49 Iowa State University of Science & Tech. Public 103,174 28,895 23,718 4,408 42,644 3,509

50 Carnegie-Mellon University Private 101,635 65,079 9,277 18,976 1,844 6,459

Total, 1st 50 institutions 8,484,232 5,108,257 725,438 546,240 1,524,703 579,594

51 SUNY-Buffalo Public 100,291 64,453 2,699 1,759 16,827 14,553

52 California Institute of Technology Private 98,731 84,167 202 3,5e7 7,772 3,023

53 University of Alabama-Birmingham Public 98,302 68,204 2,120 6,602 8,445 12,931

54 Oregon State University Public 91,355 49,112 20,373 2,285 5,554 14,031

55 University of Miami (FL) Private 90,298 63,101 1,546 4,702 5,604 15,345

56 Case Western Reserve University Private 86,168 68,632 1,251 2,915 5,867 7,503

57 University of Texas-Cancer Ctr, MD Andrn Public 85,903 28,992 0 0 35,200 21,711

58 University of Illinois-Chicago Public 85,237 43,288 3,629 5,333 25,064 7,923

59 University of Utah Public 83,340 61,819 3,511 2,700 11,259 4,051

60 Princeton University Private 82,914 47,176 1,018 5,640 21,760 7,320

Total, 1st 60 institutions 9,386,771 5,687,201 761,787 581,743 1,668,055 687,985

61 Indiana University-all campuses Public 81,793 58,334 833 2,591 15,120 4,915

62 University of Virginia Public 81,281 51,214 7,006 5,768 10,196 7,097

63 University of Texas-Health Sci Ctr Dallas . . Public 79,920 51,254 429 6,938 3,951 17,348

64 SUNY-Stony Brook Public 79455 49,726 2,534 3,093 16,710 7,392

65 University of Maryland-Baltimore Public 75,854 35,970 14,047 11,183 9,488 5,166

66 Woods Hole Oceanographic Institute Private 74,881 64,333 341 916 1,257 8,034

67 Yeshiva University Private 74,496 58,224 0 0 8,022 8,250

68 University of Missouri-Columbia Public 74,055 22,312 11,210 6,434 29,864 4,235

69 Rockefeller University Private 73,945 41,192 297 3,453 17,442 11,561

70 University of Hawaii-Manoa Public 70,733 40,574 24,759 799 3,686 915

Total, 1st 70 institutions 10,153,184 6,160,334 823,243 622,918 1,783,791 762,898

71 Utah State University Public 69,944 42,449 12,125 1,315 13,087 968

72 University of Cincinnati-all campuses Public 69,831 40,598 2,910 4,160 14,019 8,144

73 University of Kentucky Public 69,532 27,010 6,840 5,819 25,318 4,545

74 University of Nebraska-Lincoln Public 68,281 25,803 22,006 2,675 15,931 1,866

75 University of California-Irvine Public 66,806 46,492 1,483 4,582 7,706 6,543

76 Boston University Private 66,325 56,402 550 2,555 0 6,818

77 Vanderbilt University Private 65,218 56,151 576 2,759 2,081 3,651

78 Emory University Private 64,713 46,497 2,242 6,169 1904 7,901

79 Colorado State University Public 64,351 46,572 7,992 2,432 4,708 2,647

80 University of South Florida Public 60,973 26,576 2,824 327 29,246 2,000

1

(continued)
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Appendix table 5-4.
R&D expenditures at the top 100 universities and colleges, by source of funds: 1989
(page 3 of 3)

Academic institutions' ranking
Institutional

category Total
Federal

Gov't

State and
local
gov't

Academic
Industry institutions

AO other

sources

Thousands of dollars
Total, 1st 80 institutions 10,819,158 6,574,884 882,791 655,711 1,897,791 807,981

81 New Mexico State University-all campuses Public 60,930 45,660 7,070 6,242 1,727 231

82 Wayne State University Public 59,521 28,167 7,042 3,850 15,507 4,955

83 University of Kansas Public 57,111 26,420 2,674 2,809 23,640 1,568

84 CUNY-Mount Sinai School of Medicine Private 56,856 37,233 957 3,732 5,767 9,167

85 University of Alaska-Fairbanks Public 56,701 26,659 2,101 3,039 21,869 3,033

86 Clemson University Public 56,699 12,484 16,245 3,849 22,486 1,635

87 Florida State University Public 55,245 24,897 1,566 832 25,449 2,501

88 Washington State University Public 55,173 22,697 2,268 2,258 22,945 5,005

89 University of Medicine & Dentistry of NJ Public 54,451 27,983 9,421 2,583 9,166 5,298

90 University of Oklahoma Public 53,956 17,020 3,052 1,991 24,226 7,667

Total, 1st 90 institutions 11,385,801 6,844,104 935,187 686,896 2,070,573 849,041

91 Auburn University-all campuses Public 53,814 15,179 13,570 4,111 17,667 3,287

92 Mississippi State University Public 53,670 17,694 20,334 3,886 5,416 6,340

93 Oklahoma State University Public 53,655 14,116 1,853 1,645 34,613 1,428

94 Georgetown University Private 53,597 37,351 217 4,370 8,278 3,381

95 University of California-Riverside Public 53,213 15,584 2,441 1,094 31,449 2,645

96 University of New Mexico Public 52,970 23,934 5,660 2,496 11,732 9,148

97 Tufts University Private 50,424 40,771 773 8,010 847 23

98 University of California-Santa Barbara Public 50,067 39,227 1,036 2,645 4,878 2,281

99 Kansas State Univ. of Agric. & Applied Sci . . Public 47,302 15,951 21,133 1,790 6,384 2,044

100 Univ. of Texas-Health Science Ctr Houston . Public 46,860 29,500 5,668 3,266 1,694 6,732

Total, 1st 100 institutions 11,901,373 7,093,411 1,007,872 720,209 2,193.531 886,350

'These figures exclude the Applied Physics Laboratory (APL) at Johns Hopkins University. which is similar to a federally funded research and
development center and dominates the R&D performed at the university.

SOURCES: Science Resources Studies Division. National Science Foundation. Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989,
NSF 90-321. Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations.

See text table 5-1. Science & Engineering Indicators -1991
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Appendix table 5-5.
Federal and non-Federal R&D expenditures at universities and colleges, by field and source of funds: 1989

Field

Total Federal Non-Federal'

Thousands
of dollars Percent

Thousands
of dollars Percent

Thousands
of dollars Percent

TOTAL SCIENCE AND ENGINEERING 14,987,279 100.0 8,972,468 59.9 6,014,811 40.1

Total sciences 12,599,686 84.1 7,592,804 60.3 5,006,882 39.7

Physical sciences 1,643,377 11.0 1,195,155 72.7 448,222 27.3

Astronomy 137,114 0.9 88,011 64.2 49,103 35.8

Chemistry 610,395 4.1 423,711 69.4 186,684 30.6

Physics 772,999 5.2 597,664 77.3 175,335 22.7

Other 122,869 0.8 85,769 69.8 37,100 30.2

Mathematical sciences 214,248 1.4 155,929 72.8 58,319 27.2

Computer sciences 467,729 3.1 317,882 68.0 149,847 32.0

Environmental sciences 982.937 6.6 644,691 65.6 338,246 34.4

Atmospheric sciences 159,084 1.1 124,894 78.5 34,190 21.5

Earth sciences 322,533 22 186,069 57.7 136,464 42.3

Oceanography 357,663 2.4 265,923 74.4 91,740 25.6

Other 143,657 1.0 67,805 47.2 75,852 52.8

Life sciences 8,079,851 53.9 4,772,841 59.1 3,307,010 40.9

Agricultural sciences 1,289,522 8.6 345,890 26.8 943,632 73.2

Biological sciences 2,609,759 17.4 1,719,858 65.9 889,901 34.1

Medical sciences 3,836,616 25.6 2,505,391 65.3 1,331,225 34.7

Other 343,954 2.3 201,702 58.6 142,252 41.4

Psychology 237,945 1.6 156,260 65.7 81,685 34.3

Social sciences 636,372 4.2 211,174 33.2 425,198 66.8

Economics 186,376 1.2 50,477 27.1 135,899 72.9

Political science 108,063 0.7 29,123 27.0 78,940 73.0

Sociology 118,554 0.8 52,802 44.5 65,752 55.5

Other 223,379 1.5 78,772 35.3 144,607 64.7

Other sciences 337,227 2.3 138,872 41.2 198,355 58.8

Total engineering 2,387,593 15.9 1,379,664 57.8 1,007,929 42.2

Aeronautical/astronautical 146,548 1.0 113,109 77.2 33,439 22.8

Chemical 185,087 1.2 92,947 50.2 92,140 49.8

Civil 249,552 17 104,108 41.7 145,444 58.3

Electrical/electronic 600,016 4.0 388J00 64.8 211,316 35.2

Mechanical 340,280 2.3 209,711 61.6 130,569 38.4

Other 866,110 5.8 471,089 54.4 395,021 45.6

'See appendix table 5-2 for detail on non-Federal sources.

SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures. Fiscal Year 1989.
NSF 90-321, Detailed Statistical Tables (Washington, DC NSF, 1991); and unpublished tabulations.
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Appendix table 5-6.
Expenditures for academic R&D, by field: 1979-89
(page 1 of 3)
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Field 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

TOTAL SCIENCE & ENGINEERING . . . 5,379,917 6,076,713

Total sciences 4,604,364 5.203,539

Physical sciences 602,106 677,407
Astronomy 48.492 58,625
Chemistry 206,353 243,943
Physics 292,366 322,760
Other 54,895 52.079

Mathematil sciences 77,822 78,108

Computer sciences 97.701 113,390

Environmental sciences 452,831 508.262

Atmospheric sciences NA 75,898

Earth sciences NA 188,570

Oceanography NA 176,313

Other 452,831 67,481

Lite sciences 2.847,512 3,230,619
Agricultural sciences 612.256 689,127
Biological sciences 912 ,418 1,027,542

Medical sciences 1,246,579 1,422,915

Other 76,259 91,035

Psychology 99,694 110,108

Social sciences 293,245 339,550
Economics 83,349 90,942

Political science 44,641 54,476

Sociology 74.309 87.699

Other 90,946 106,433

Other sciences 133,453 146,095

6,846,302

5,869,568

765,358
67,259

284,696
357.151

56,252

87,099

132,542

549,273
87,357

190,238
191,995
79,683

3,698,138
789,574

1.185,643
1,612,621

110,300

126,935

365,648
98,800
55,403
93,955

117,490

144,575

7,322,745

6,281,886

823,363
73,125

308,058
366,833

75,347

96,459

149,101

557,353
86,668

195,272
198,202
77,211

4,016.113
864.681

1,282.740
1,745,615

123,077

130,609

353,023
95,116
60.213
78,805

118,889

155,865

Thousands of currer t dollars
7,876,861 8,616,682 9,686,358

6,746,534 7,387,668 8,271,436

899,695 999,672 1,147.733
73,442 80,474 96,083

334,982 371,484 421,023
417,037 473,591 550,834

74,234 74,123 79,793

106,440 123,261 128,031

175,902 224,637 282,722

615,892 643,946 703,180
98,636 102.010 107,696

216,245 227,768 253,931
223,931 236,784 257,973

77,080 77,384 83,580

4,303,519 4,712,815 5,282,032
921,445 954,565 999,674

1,414,501 1,567,350 1, /74,357
1,835,875 2,040.616 2.327,268

131,698 150,284 180,733

135,669 145,525 158,534

344,642 358.317 382,844
98,088 108,494 117,988
54,624 56,110 59,379
77,102 70,319 75.334

114.828 123,394 130,143

164,775 179,495 186,360

10,925,519

9,287,291

1,285.972
101,795
469,275
630,244

84,658

151,904

322,874

772,605
120.057
274,525
279,992

98,031

5,892,653
1.089,949
1,937,994
2,625,341

239,369

170,705

462.472
135,766
68,835
96,608

161.263

228,106

12,153,437

10,265,945

1,390,942
108,429
513,102
666,568
102,843

176,871

373,086

830,819
128,345
284,091
299,949
118,434

6,532,724
1,120,938
2,132,208
3,015,867

263,711

187,881

502,098
149,685

81,221
96,627

174,565

271,524

13,465,094

11,373,904

1,547,216
124,438
567,822
732,486
122,470

198,833

410,839

884,522
133,668
294,559
333,282
123,013

7.257,860
1,181.841
2,372,832
3,387,914

315,273

213,989

553,238
164.142

87,027
110,580
191,489

307,407

14,987,279

12,599,686

1,643,3/7
137.114
61,..395
772,999
122,869

214,248

467,729

982,937
159,084
322,533
357,663
143,657

8,079,851
1,289,522
2,609.759
3.836,616

343,954

237,945

636.372
186.376
108,063
118.554
223,379

337,227

(continued)
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Appendix table 5-6.
Expenditures for academic R&D, by field: 1979-89
(page 2 of 3)

Field 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

Thousands of current dollars

Total engineering 775,553 873,174 976,734 1,040,859 1,130,327 1,229,014 1,414,922 1,638,228 1,887,492 2,091,190

Aeronautical/astronautical NA 53,096 58,532 65,160 69,916 71,831 82,229 93,530 110,065 124,737

Chemical NA 60,874 79,235 83,808 91,174 96,095 109,782 126,197 140,649 154,169

Civil NA 83,231 108,608 115,800 126,465 139,609 153,141 178,745 192,334 226,832

Electrical/electronic NA 193.976 203,569 224,461 261,809 294,836 337,479 394,904 449,770 507,894

Mechanical NA 140,335 140,582 142,388 148,820 178,361 206,894 227,031 273,340 300.886

Other NA 341,662 386,208 409,242 432,143 448,282 525,397 617,821 721,334 776,672
Thousands of constant 1982 dollars'

TOTAL SCN1NCE & ENGINEERING . . . 6,906,546 7,170,942 7,345,364 7,322,745 7,557,012 7,964,282 8,684,745 9,541,111 10,296,590 11,071,623

Total sciences 5,910,919 6,140,537 6,297,431 6,281,886 6,472,583 6,828,321 7,416,133 8,110,468 8,697,476 9,352,150

Physical sciences 772,962 799,387 821,149 823,363 863,162 923,983 1,029,052 1,123,022 1,178,429 1,272,193

Astronomy 62,252 69,182 72,162 73,125 70,460 74,381 86,148 88,896 91,863 102,319

Chemistry 264,909 287,870 305,449 308,058 321,380 343,358 377,487 409,812 434,708 466,890

Physics 375,329 380,879 383,186 366,833 400,103 437,734 493,875 550,384 564,727 602,284

Other 70,472 61,457 60,352 75,347 71,220 68,511 71,542 73,931 87,130 100,701

Mathematical sciences 99,905 92,173 93,448 96,459 102,118 113,928 114,792 132,656 149,848 163,490

Computer sciences 125,425 133,808 142,204 149,101 168,759 207,629 253,487 281,962 316,085 337,811

Environmental sciences 581,328 599,784 589,312 557,353 590,883 595,191 630,468 674,706 703,883 727,295

Atmospheric sciences NA 89,565 93,725 86,668 94,631 94,286 96,560 104.844 108,736 109,908

Earth sciences NA 222,526 204,105 195,272 207,464 210,523 227,673 239,739 240,687 242,200

Oceanography NA 208.062 205,991 198,202 214,838 218,856 231,297 244,513 254,122 274,040

Other 581,328 79,632 85,492 77,211 73,950 71,525 74,937 85,609 100.339 101,147

Life sciences 3,655,535 3,812,354 3,967,714 4,016,113 4,128,770 4,355,991 4,735,846 5,145,976 5,534,630 5,967,748

Agricultural sciences 785,992 813,218 847,130 864,681 884,029 882,291 896,303 951,838 949,677 971,764

Biological sciences 1.171,330 1 212,571 1,272,071 1,282.740 1,357,064 1,448,680 1,590,881 1,692,425 ' .806,441 1,951,052

Medical sciences 1,600,314 1,679,138 1,730,173 1,745,615 1,761,327 1,886,114 2,086,618 2,292,676 2,555.092 2,785,700

Other 97,899 107,428 118,340 123,077 126,350 138,905 162,044 209,038 223,420 259,232

Psychology 127,984 129.935 136,188 130,609 130,160 134,507 142,10 149,074 159,176 175,952

Social sciences 3 '6.458 400,693 392,302 353,023 330,647 331,188 343,256 403,871 425,386 454,898

Economics 1L ',000 107.318 106,002 95,116 94,105 100,280 105,788 118,563 126,816 134,965

Political science 5/ 309 64,285 59,442 60,213 52,406 51,862 53,239 60,113 68,812 71,558

Sociology 95.,195 103,491 100,804 78,805 73,971 64,995 67,544 84,366 81,864 90,924

Other 116,7;3 125,598 126,054 118,889 110,165 114,051 116,686 140,829 147,894 157,451

Other sciences 171,322 172,402 155,114 155.865 158,084 165,905 167,090 199,202 230,040 252,764

1989

2,387,593
146,548
185,087
249,552
600,016
340,280
866,110

11,825.067

9,941,240

1,296,636
108,184
481,606
609,902

96,944

169,043

369,041

775,544
125,518
254,481
282,199
113,346

6,375,059
1,017.442
2,059,118
3,027,117

271,382

187,740

502,102
147,052
85,262
93,540

176,248

4266,074
Tc
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Appendix table 5-6.
Expenditures for academic R&D, by field: 1979-89
(page 3 of 3)

Field 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Thousands of constant 1982 dollars'

Total engineering 995,627 1,030,406 1,047,933 1,040,859 1,084,429 1,135,961 1,268,613 1,430,643 1,599,114 1,719,473 1,883,827

Aeronautical/astronautical NA 62,657 62,799 65,160 67,077 66,392 73,726 81,679 93,249 102,565 115,627

Chemical NA 71,836 85,011 83,808 87,472 88,819 98,430 110,206 119,160 126,765 ' 16,035

Civil NA 98,218 116,525 115,800 121,330 129,039 137,306 156,096 162,948 186,512 196,898

Electrical/electronic NA 228,905 218,408 224,461 251,178 272,513 302,582 344,864 381,052 417,614 473,417

Mechanical NA 165,605 150,830 142,388 142,777 164,857 185,500 198,263 231,578 247,402 268,483

Other NA 403,185 414,361 409,242 414,595 414,341 471,069 539,535 611,126 638,616 683,367

NA not available

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989, NSF 90-321, Detailed Statistical Tables (Washington, DC: NS', 1991);

and annual series.

See figure 5.3. Science & Engineering Indicators - 1991



Appendix table 5-7.
Federal financing of academic R&D funds, by field: 1973-89

Field 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Percentage federally financed
TOTAL SCIENCE AND ENGINEERING 68.8 67.2 67.1 67.4 67.0 66.2 67.0 67.5 66.7 65.0 63.3 62.9 62.5 61.3 60.3 60.8 59.9

Physical sciences 81.8 81.0 81.4 80.5 80.0 79.6 81.5 81.9 80.8 78.9 77.7 78.2 77.5 76.4 75.3 74.6 72.7

Astronomy 73.4 70.0 73.4 69.8 71.8 71.6 74.8 75.6 71.0 70.6 68.0 66.1 67.0 68.5 65.7 65.5 64.2

Chemistry 76.1 76.6 76.8 77.0 76.2 75.8 75.8 77.7 76.0 74.7 73.8 75.1 74.2 72.0 71.7 71.3 69.4

Physics 87.1 86.6 86.4 85.3 85.2 84.9 86.4 86.8 86.5 83.6 82.1 82.4 82.3 81.0 79.7 78.6 77.3

Other 79.7 74.4 77.7 77.2 73.7 72.6 82.7 78.7 81.1 81.2 80.4 80.1 75.0 75.8 75.1 74.7 69.8

Math and computer sciences 73.8 75.7 76.3 75.6 72.5 68.6 73.9 72 0 73.4 72.8 72.3 73.3 71.2 73.1 70.6 71.9 69.5

Mathematical sciences 77.5 78.4 78.6 77.4 77.7 75.7 77.6 78.4 77.7 74.4 71.8 74.9 75.8 75.3 74.3 75.0 72.8

Computer sciences 69.9 73.2 74.3 74.0 67.6 62.2 70.9 67.6 70.5 71.7 72.6 72.5 69.2 72.0 68.9 70.4 68.0

Environmental sciences . . . 75.2 71.7 70.8 73.4 74.7 72.7 72.6 73.2 71.1 70.1 69.1 69.1 67.2 66.7 65.1 65.9 65.6

Atmospheric sciences NA NA NA NA NA NA NA 84.2 77.0 80.0 78.5 80.8 79.9 81.3 82.5 81.7 78.5

Earth sciences NA NA NA NA NA NA NA 69.7 67.2 65.0 62.4 61.5 60.7 58.3 56.2 59.2 57.7

Oceanography NA NA NA NA NA NA NA 77.6 77.9 77.4 76.6 76.4 72.7 74.3 72.6 71.6 74.4

Other 75.2 71.7 70.8 73.4 74.7 72.7 72.6 58.7 57.7 53.2 54.0 53.8 53.6 50.1 48.7 49.2 47.2

Lite sciences 66.3 64.5 65 1 65.7 65.3 63.9 64.0 64.8 63.9 62.3 60.1 60.0 60.3 59.2 58.6 59.5 59.1

Agricultural sciences 34.1 29.2 29.4 29 7 28.8 29.2 30.5 31.1 29 7 29.5 28.4 28.2 29.4 26.8 26.5 27.3 26.8

Biological sciences 71.6 71.7 72.5 73.5 74.5 72.8 72.6 74.0 73.0 71.4 69.5 69.5 67.9 67.4 66.2 67.0 65.9

Medical sciences 75.3 75.9 75.6 75.5 74.9 73.1 73.7 74.4 73.7 71.7 68.7 67.3 67.8 66.4 65.1 65.4 65.3

Other 70.3 72.5 71.8 72.6 71.7 70.6 70.1 67.4 67.6 63.8 60.8 62.8 60.0 61.3 59.7 60.1 58.6

Psychology. 79.5 78.9 76.8 76.2 74.8 71.4 72.3 73.3 72.7 68.2 66.1 67.4 67.0 67.0 66.1 65.8 65.7

Social sciences . 57.3 56.9 55.2 52.7 51 6 51.1 53.0 53.8 51.0 45.7 42.6 39.9 40.1 37.4 33.5 34.0 33.2

Economics. 47.6 46 6 48.2 44.5 43.8 48.1 48.4 48.9 45.4 43.7 39.5 39.1 37.0 33.5 29.0 30.0 27.1

Political science 40.6 44.0 41.8 42.2 46.2 42.1 46.0 43.4 42.0 37.3 36.8 33.9 33.3 29.5 29.7 28.9 27.0

Sociology 65.8 65.1 65.5 62.1 61.1 61.0 63.7 65.0 60.7 58.6 55.6 54.3 53.3 51.3 46.6 44.4 44.5

Other 61.0 60.0 55.9 54.8 52.9 50.6 51.9 54.0 52.3 42.9 39.3 35.1 38.4 35.6 31.9 33.9 35.3

Other sciences . 58.7 57 1 57.2 59.5 54.9 57.4 54.9 53.6 56.6 56.5 52.7 48.5 49.3 47.1 46.0 43.4 41.2

Engineering 71.5 69.0 68.1 67.3 67.6 67.9 68.7 69.0 68.7 67.6 65.9 64.0 61.2 59.6 58.7 58.6 57 8

AeroilituticaVastronautical NA NA NA NA NA NA NA 79.5 81.8 80.6 80.4 79.4 78.5 78.8 76.0 77.8 77.2

Cheniical NA NA NA NA NA NA NA 64.4 64.0 59.7 57.6 57.1 53.4 53.6 49.5 50.6 50.2

Civil . NA NA NA NA NA NA NA 64.1 .568 51.4 50.4 51.9 51.6 49.7 47.1 46.1 41.7

Electrical electronic NA NA NA NA NA NA NA 77.1 76.6 77.4 73.8 71.0 67.7 65.9 64.7 64.8 64.8

Mechanical NA NA NA NA NA NA NA 67.0 67.5 68.4 67.2 66.5 64.6 64.9 64.8 63.3 61.6

Other NA NA NA NA NA NA NA 65.7 67.4 66.1 64.5 61.2 57.3 54.7 55.0 54.8 54.4
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Appendix table 5-8.
Federal obligations for academic R&D, by agency: 1971-91
(page 1 of 2)

359

Total
agencies

National
Institutes
of Health

National
Science

Foundation

Department
of

Defense

National Department
Aero & Space of
Administration Energy

Department
of

Agriculture

All

other
agencies

Millions of current dollars
1971 1,645 603 267 211 134 94 72 264

1972 1,904 756 362 217 119 85 87 277

1973 1917, 761 374 204 111 83 94 289

1974 2,214 1,027 389 197 99 94 95 312

1975 2,411 1,077 435 203 108 132 108 348

1976 2,552 1,185 437 240 119 145 120 307

1977 2.905 1,311 511 273 118 188 140 364

1978 3,375 1,493 537 383 127 240 186 408

1979 3,889 1,765 617 438 139 260 200 470

1980 4,263 1,888 685 495 158 285 216 536

1981 4,466 1984, 702 573 171 300 243 492

1982 4,605 2026, 715 664 186 277 255 483

1983 4,966 2,264 783 724 189 297 275 434

1984 5,547 2,560 880 830 204 321 261 491

1985 6,340 2,974 1.002 940 237 357 293 536

1986 6,559 3,044 992 1,098 254 345 274 553

1987 7,337 3.638 1,096 1,017 294 386 280 626

1988 7,828 3,886 1.143 1,071 338 406 305 678

1989 8,672 4,157 1,254 1,189 434 454 328 858

1990 (est.) 8.748 4,143 1,317 1,049 493 441 346 959

1991 (est.) 9,191 4,339 1,478 1,069 533 429 364 980

Millions of constant 1982 dollars'
1971 3,767 1,382 611 483 307 215 165 604

1972 4,133 1,641 787 471 258 183 190 602

1973 3,964 1,574 775 421 230 171 195 598

1974 4,245 1969, 746 378 190 180 182 599

1975 4207, 1,878 759 355 188 230 189 608

1976 4,111 1,908 703 387 192 234 193 494

1977 4,333 1,956 762 408 175 281 209 543

1978 4,705 2,082 749 534 177 335 260 568

1979 4,992 2,266 792 562 178 334 256 604

1980 5,031 2.228 808 585 186 336 255 633

1981 4,791 2,129 753 615 184 322 260 528

1982 4,605 2026, 715 664 186 277 255 483

1983 4,765 2,172 751 695 182 285 264 416

1984 5,127 2,366 814 767 188 297 241 454

1985 5.684 2,667 898 843 213 320 263 481

1986 5,728 2,658 866 959 222 301 239 483

1987 6,216 3,083 929 862 249 327 237 530

1988 6,436 3,195 940 881 278 334 251 558

1989 6,842 3,280 989 938 342 358 259 677

1990 (est.) 6,636 3.143 999 796 374 335 262 727

1991 (est.) 6,676 3,152 1,073 777 387 312 264 712

(continued)



360 Appendix A. Appendix Tables

Appendix table 5-8.
Federal obligations for academic R&D, by agency: 1971-91
(page 2 of 2)

Total
agencies

National
Institutes
of Health

National
Science

Foundation

Department
of

Defense

National
Aero & Space
Administration

Department
of

Energy

Deoartment
of

Agriculture

All
other

agencies

Percent
1971 100 36.7 16,2 12.8 8.2 5.7 4.4 16.0

1972 100 39.7 19.0 11.4 6.3 4.4 4.6 14.6

1973 100 39.7 19.5 10.6 5.8 4,3 4.9 15.1

1974 100 46.4 17.6 8.9 4.5 4.2 4.3 14.1

1975 100 44.6 18.0 8.4 4.5 5.5 4.5 14.4

1976 100 46.4 17.1 9.4 4.7 5.7 4.7 12.0

1977 100 45.1 17.6 9.4 4.0 6.5 4.8 12.5

1978 100 44.2 15.9 11.4 3.8 7.1 5.5 12.1

1979 100 45.4 15.9 11.3 3.6 6.7 5.1 12.1

1980 100 44.3 16.1 11.6 3.7 6.7 5.1 12.6

1981 100 44.4 15.7 12.8 3.8 6.7 5.4 11.0

1982 100 44.0 15.5 14.4 4.0 6.0 5.5 10.5

1983 100 45.6 15.8 14.6 3.8 6.0 5.5 8.7

1984 100 46.2 15.9 15.0 3.7 5.8 4.7 8.8

1985 100 46.9 15.8 14.8 3.7 5.6 4.6 8.5

1986 100 46.4 15.1 16.7 3.9 5.3 4.2 8.4

1987 100 49,6 14.9 13.9 4.0 5.3 3.8 8.5

1988 100 49.6 14.6 13.7 4.3 5.2 3.9 8.7

1989 100 47.9 14.5 13.7 5.0 5.2 3.8 9.9

1990 (est.) 100 47.4 15.1 12.0 5.6 5.0 3.9 11.0

1991 (est.) 100 47.2 16.1 11.6 5.8 4.7 4.0 10.7

NOTE: Percentages may not total 100 because of rounding.

'Atomic Energy Commission, 1971-73; Energy Research arid Development Administration, 1974-76; Department of Energy, 1977-91.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Dovelopment: Fiscal Years 1989. 1990,
and 1991, NSF 90-327 Final, Detailed Statistical Tables (Washington, DC: NSF, 1991); and annual series.
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Appendix table 5-9.
Federal academic R&D obligations, by bad agency and field: 1971-89
(page 1 of 2)

Field

Lead
agency 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Percentage from lead agency

TO I AL SCIENCE AND ENGINEERING HHS 44.8 47.4 48.3 54.1 53.7 53.3 51,8 49.0 50.8 48.7 47.9 46.3 47.0 49.2 49.6 49.7 53.0 53.5 53 0

Physical sciences NSF 20.4 27.9 29.0 31.6 35.9 36.2 35.2 34.5 36.6 35.6 32.9 37.2 36.6 39.0 38.8 37.0 36.9 36.5 35.8

Askonomy NASA 74.7 74.5 73.3 69.8 67.2 65.1 59.8 61.3 66.9 69.9 74.1 64.3 66.3 65.1 61.8 62.8 64.9 65.8 68.6

Chemistry NSF 25.2 32.6 32.0 30.6 38.9 37.0 36.5 35.6 37.7 37.8 33.8 36.3 36.9 38.9 38.9 37.5 38.7 38.9 39.8

Physics DOE 30.0 30.3 30.0 34.4 34.8 33.7 38.1 39.5 41.8 42.2 45.8 44.7 46.7 46.5 45.7 44.1 43.6 43.3 41.3

Other NSF 0.0 1.0 1.4 2.1 40.1 46.1 35.9 49.4 50.4 67.9 72.8 79.4 77.4 77.4 71.8 72.7 70.6 69.9 71.0

Math and computer sciences NSF 39.5 43.9 47.3 45.7 45.4 40.4 48.9 50.6 57.6 50.2 52.4 50.8 50.9 53.8 53.4 53.4 53.1 50.8 54.0

Mathematical sciences NSF NA NA NA NA NA NA 41.8 50.6 53.2 46.0 49.1 47.6 47.7 50.3 49.2 52.5 55.1 55.4 60.4

Computer sciences NSF NA NA NA NA NA NA 62.0 52.3 66.2 58.4 61.3 56.8 56.4 59.4 58.4 56.7 52.6 45.9 48.5

Environmental sciences NSF 32.5 41.4 44.2 48.4 50.1 48.1 39.1 39.1 38.9 37.5 42,1 43.5 45.5 44.7 42.0 41.1 41.0 41.0 40.2

Atmospheric sciences NSF 31 0 35.4 41.2 38.0 46.0 45.2 29.7 33.4 32.5 38.6 34.9 36.9 38.9 41.1 35.0 38.0 41.5 36.4 37.8

Earth sciences NSF 22.0 31.1 29.0 31.7 41.5 49.1 41.3 41.5 47.6 51.0 56.7 60.4 66.7 62.0 60.1 59.0 57.6 52.0 50.6

Oceanography NSF 44.5 60,4 59.4 66.8 35.8 39.1 38.4 32.1 30.4 31.1 31,5 31.3 30.1 30.2 32.8 36.0 28.8 35.6 35.6

Other NSF 27.8 24.8 30.3 43 4 74.8 63.1 51.5 52.7 42.6 26.9 46.5 46.7 54.4 58.1 43.3 30.5 38.3 39.2 35.6

Life sciences HHS 76.4 79.3 79.6 82.6 82.3 81.4 82.1 80.6 80.6 81.3 79.9 77.7 79.6 80.6 80.5 81.1 82.8 83.8 83.6

Agricultural sciences USDA NA NA NA NA NA NA NA NA 80.3 86.4 81.5 75.9 79.2 72.7 76.5 78.4 77.2 83.7 78.4

Biological sciences HHS 63.4 61.8 62.5 66.8 66.3 67.1 67.8 71.0 80.0 82.3 81.3 81.7 83.4 80.8 81.5 81.5 83.4 83.9 82.8

Medical sciences HHS 95.1 94.8 96.0 96.6 96.5 96.8 96.8 95.9 94.4 92.8 92.4 88.3 90.0 92.3 91.9 92.0 93.1 93.4 94.6

Psychology HHS 59.2 60.5 63.6 65.5 75.0 75.7 72.1 68.6 77.2 74.9 75.6 77.7 77.9 78.7 79.2 80.8 83.3 84.2 85.6

Social sciences HHS 37.7 43.8 41.9 42.7 54.4 41.6 43.3 47.9 58.3 31.5 29.4 28.4 27.3 33.6 33.7 33.6 42.2 44.6 49.0

Economics USDA 42.1 8.1 9.7 7.2 4.3 3.0 4.0 40.8 41.4 40.2 45.6 56.3 59.9 54.6 46.4 47.8 44.1 55.0 50.6

Political science NSF 46.0 55.2 59.1 53.6 44.0 52.3 59.8 66.7 51.8 71.8 60.1 81.3 61.2 48.2 60.3 47.4 54.4 52.3 45.9

Sociology HHS 40.7 45.5 47.9 55.7 71.0 57.3 52.5 42.0 57.5 48.5 63.5 61.0 67.7 66.3 62.5 58.1 69.3 75.5 75.1

Anthropology NSF 69.1 77.4 87.4 72.8 76.2 70.5 67.4 47.6 58.3 59.2 78.2 93.8 96.8 88.7 91.5 88.2 70.7 73.5 89.4

Linguistics. NSF 29.2 51.7 47.2 66.8 50.3 61.5 65.4 65.3 67.5 72.8 72.1 88.8 90.8 94.8 95.5 94.5 92.3 86.8 77.9

History of science NSF 85 0 49.5 93.5 80.1 85.4 99.3 87.6 89.9 89.9 76.4 86.1 98.4 93.9 96.9 97.9 94.0 88.2 89.7 91.2

Other HHS 54.4 57.5 55.6 49, 7 68.6 54.5 54.9 88.4 92.4 42.5 32.7 68.1 41.4 38.8 39.1 40.3 57.7 54.9 56.2

Other sciences HHS 40.3 49.8 37.2 43.2 48,9 58.9 66,6 58.9 51.1 45.2 53.5 43.3 51.6 44.2 49.9 40.6 37.8 30.1 33.1

4 .1,4 4 2 5

(continued)



Appendix table 5-9.
Federal academic R&D obligations, by lead agency and field: 1971-89
(page 2 of 2)

Lead
Field agency 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

'Percentage from lead agency

Engineering DOD 45.2 40.3 42.1 30.7 27.9 26.6 30.2 53.8 61.4 55.4 62.1 67.4 67.4 61.3 62.7 65.6 66.5 66.9 61.2

Aeronautical/astronautical DOD 14.1 30.8 13.1 42.1 31.9 22.0 32.9 47.0 56.4 49.9 49.7 57.5 62.7 55.0 57.4 58.3 55.6 54.5 51.7

Chemical NSF 71.1 51.0 48.2 62.4 60.7 40.2 27.4 22.1 51.9 53.8 52.6 50.7 43.8 44.2 39.1 55.0 51.7 41.1 74.2

Civil NSF 36.5 37.9 29.1 38.6 32.5 44.0 48.1 42.9 45.5 40.1 30.5 53.6 43.1 49.8 68.9 68.1 64.6 63.2 53.5

Electrical/electronic DOD 80.4 76.2 77.3 61.6 58.3 44.0 50.3 59.4 62.5 68.4 72.2 79.2 81.5 75.6 83.5 82.0 81.4 86.1 78.1

Mechantal NSF 40.6 33.8 52.4 52.5 45.6 32.0 30.3 25.9 35.3 22.7 26.9 34.1 34.7 36.6 35.2 40.9 34.3 36.8 48.4

Materials/metallurgy NSF 16.3 57.4 55.9 56.1 35.6 39.4 37.1 33.1 40.2 26.0 33.8 30.0 30.1 30.8 33.8 28.0 20.9 16.4 18.1

Other DOD 19.3 25.2 40.2 17.1 19.3 20.2 25.8 71.6 77.5 75.8 78.4 80.0 81.3 79,7 77.9 80.4 82.6 80.4 73.4

NOTE DOD - Department of Defense; DOE = Department of Energy; HHS = Department of Health and Human Services; NASA = National Aeronautics and Space Administration; NSF = h'ational Science Foundation;

USDA , Department of Agriculture.

'NASA provided over 80 percent of the Federal academic R&D obligations for aerospace engineering in the 1970s: this field is now split between NASA and DOD.

.SOURCES science Resources Studies Division. National Science Foundation. Federal Funds for Research and Development: Fiscal Years 1989, 1990, and 1991, NSF 90-327 Final, Detailed Statistical Tables

(Washington. DC. NSF, 1991); and annual series.

See figure 5-4. Science & Engineering Indicators 1991
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Appendix table 5-10.
Capital funds expenditures for academic facilities and certain equipment: 1964-89

Total Federal sources Non-Federal sources

Current
dollars

Constant
1982 dollars'

Current
dollars

Constant
1982 dollars'

Current
dollars

Constant
1982 dollars'

Thousands of dollars
1964 529,492 1,602,094 134,439 406,775 395,053 1,195,319
1965 NA NA NA NA NA NA
1966 666,997 1,919,968 212,397 611,390 454,600 1,308,578
1967 NA NA NA NA NA NA
1968 1,070,727 2,879,072 340,447 915,426 730,280 1,963,646
1969 NA NA NA NA NA NA

1970 951,873 2,294,776 279,316 673,375 672,557 1,621,401

1971 NA NA NA NA NA NA
1972 912,487 1,981,034 236,836 514,177 675,651 1,466,856
1973 835,862 1,728,790 224,651 464,639 611,211 1,264,151

1974 841,560 1,613,521 225,681 432,698 615,879 1,180,823

1975 1,018,773 1,771,062 270,083 469,519 748,690 1,301,542
1976 1,043,153 1,680,342 206,890 333,265 836,263 1,347,078
1977 960,014 1,432,190 195,519 291,684 764,495 1,140,506

1978 NA NA NA NA NA NA

1979 694,583 891,681 169,419 217,494 525,164 674,187

1980 790,040 932,302 147,590 174,166 642,450 758,136
1981 953,529 1,023,037 160,557 172,261 792,972 850,776
1982 964,596 964,596 126,448 126,448 838,148 838,148
1983 1,091,753 1,047,421 135,101 129,615 956,652 917,806
1984 1,174,646 1,085,709 142,440 131,655 1,032,206 954,054

1985 1,222,698 1,096,266 106,801 95,757 1,115,897 1,000,508

1986 1,493,503 1,304,256 170,509 148,903 1,322,994 1,155,353

1987 1,737,118 1,471,715 193,246 163,721 1,543,872 1,307,993

1988 1,954,626 1,607,184 202,034 166,122 1,752,592 1,441,062

1989 2,091,399 1,650,365 205,769 162,353 1,885,930 1,488,012

NA = not available

NOTE: Data are for expenditures on facilities used for research, development, and instruction, and for expenditures cn nonfixed equipment costing over
$1 million.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCES: Science Resources Studies Division, National Science Foundation. Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989,
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and annual serius.

See figure 5-5 and figure 0-20 in Overview. Science & Engineering Indicators - 1991



Appendix table 5-11.
Capital expenditures at universities and colleges, by fieid and source of funds: 1980-89
(page 1 of 2)

Field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Thousands of current dollars

TOTAL 790,040 953,529 964,596 1,091,753 1,174,646 1,222,698 1,493,503 1,737,118 1,954,626 2,091,699

Total sciences 700,088 848,037 817,600 954,918 1,027,762 1,039,100 1,179,354 1,357,333 1,589,311 1,719,874

Physical sciences 77,567 88,880 83,296 97,864 110,134 115,663 143,667 156,849 204,919 237,669

Math and computer sciences 32,923 31,904 35,651 54,206 48,921 77,209 90,603 82,651 95,412 72,672

Environmental sciences 36,727 36,790 44,006 42,174 36,218 54,574 48,945 54,063 58,676 67,518

Life sciences 452,522 591,395 578,398 667,367 716,602 691,149 768,281 908,977 1,050,025 1,161,852

Pyschology 17,970 11,139 12,956 16,705 31,317 12,807 17,816 9,669 12,130 13,894

Social sciences 34,956 45,702 31,344 40,898 46,941 60,720 49,919 55,207 80,709 77,483

Other sciences 47,423 42,227 31,949 35,704 37,629 26,988 60,123 89,917 87,440 88,786

Engineering 89,952 105,492 146,996 136,835 146,884 183,598 314,149 379,785 365,315 371,825

Federal sources 147,590 160,557 126,448 135,101 142,440 106,801 170,509 193,246 202,034 205,769

Total sciences 126,335 141,436 105,517 116,711 111,800 90,008 132,973 143,902 155,024 162,429

Physical sciences 22,939 26,590 21,966 19,482 20,713 31,497 38,108 40,130 33,140 40,249

Math and computer sciences 6,156 5,649 1,,049 5,516 8,697 8,918 17,516 12,228 19,529 7,335

Environmental sciences 8,513 8,330 6,006 4,639 4,828 4,128 8,168 15,199 13,455 18,985

Life sciences 81,732 90,452 67,319 79,357 72,685 40,315 57,823 57,954 71,203 77,031

Pyschology 2,037 1,768 1,205 1,082 1,035 871 1,739 989 2,184 1,654

Social sciences 1,616 7,149 2,213 5,277 3,209 2,493 3,618 4,834 7,985 8,178

Other sciences 3,342 1,498 1,759 1.358 633 1,786 6,001 12,568 7,528 8,997

Engineering 21,255 19,121 20,931 18,390 30,640 16,793 37,536 49,344 47,010 43,340

Non-Federal sources 642,450 792,972 838,148 956,652 1,032,206 1,115,897 1,322,994 1,543,872 1,752,592 1,885,930

Total sciences 573,753 706,601 712,083 838,207 915,962 949,092 1,046,381 1,213,431 1,434,287 1,557,445

Physical sciences 54,628 62,290 61,330 78,382 89,421 84,156 105,559 116,719 171,779 197,420

Math and computer sciences 26,767 26,255 30,602 48,690 40,224 68,291 73,087 70,423 75,883 60,183

Environmental sciences 28,214 28,460 38,000 37,535 31,390 50,446 40,777 38,864 45,221 53,687

Life sciences 370,790 500,943 511,079 588,010 643 917 650.834 710,458 851,023 978,822 1,084,821

Pyscholcgy 15,933 9,371 11,751 15,623 30,282 11,936 16,077 8,680 9,946 12,240

Social sciences 33,340 38,553 29,131 35,621 43,732 58,227 46,301 50,373 72,724 69,305

Other sciences 44,081 40.729 30,190 34,346 36,996 25.202 54,122 77,349 79,912 79,789

Engineering 68,697 86,371 126,065 118,445 116,244 166,805 276,613 330,441 318,305 328,485

(continued)
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Appendix table 5-11.
Capital expenditures at universities and colleges, by field and source of funds: 1980-89
(rage 2 of 2)

I

!tc)

coz

rliz
(Q.

i
LI,z

Field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

TOTAL 932,302 1,023,037 964,596
Thousands of constant 1982 dollars'

1,047,421 1,085,709 1,096,266 1,304,256 1,471,715 1,607,184 1,650,365

Total sciences 826,152 909,855 817,600 916,142 94,,946 931,652 1,029,914 1,149,955 1,306,805 1,356,993
! a.

Physical sciences
Math and computer sciences

91,534
38,851

95,359
34,230

83,296
35,651

93,890
52,005

101,795
45,217

103,694
69,225

125,462
79,122

132,885
70,023

168,494
78,452

187,522
53,272

I ro

Environmental sciences 43,340 39,472 44,006 40,461 33,476 48,931 42,743 45,803 48,246 57,339
! i

Life sciences 534,007 634,505 578,398 640,268 662,345 619,681 670,930 770,100 863,379 916,709
(0

Pyschology 21,206 11,951 12,956 16,027 28,946 11,483 15,558 8,192 9,974 10,962

Social sciences 41,251 49,033 31,344 39,237 43,387 54,441 43,594 46,772 66,363 61,135

Other sciences 55,962 45,305 31,949 34,254 34,780 24,197 52,505 76,179 71,897 70,053

Engineering 106,150 113,182 146,996 131,279 135,76;. 164,613 274,342 321,760 300,379 293,373

Federal sources 174,166 172,261 126,448 129,615 131,655 95,757 148,903 163,721 166,122 162,353

Total sciences 149,084 151,746 105,517 111,972 103,335 80,701 116,124 121,916 127,468 128,158

Physical sciences 27,070 28,528 21,966 18,691 19,145 28,240 33,279 33,999 27,249 31,757

Math and computer sciences 7,265 6,061 5,049 5,292 8,039 7,996 15,296 10,360 16,058 5,787

Environmental sciences 10,046 8,937 6,006 4,451 4,462 3,701 7,133 12,877 11,063 14,979

Life sciences 96,449 97,046 67,319 76,135 67,182 36,146 50,496 49,100 58,546 60,778

Pyschology 2,404 1,897 1,205 1,038 957 781 1,519 838 1,796 1,305

Social sciences 1907, 7,670 2,213 5,063 2,966 2,235 3,160 4,095 6,566 6,452

Other sciences 3,944 1,607 1,759 1,303 585 1,601 5,241 10,648 6,190 7,099

Engineering 25,082 20,515 20,931 17,643 28,320 15,057 32,780 41,805 38,654 34,196

Non-Federal sources 758,136 850,776 838,148 917,806 954,054 1,000,508 1,155,353 1,307,993 1,441,062 1,488,012

Total sciences 677,068 758,109 712,083 804,171 846,611 850,952 913,791 1,028,038 1,179,337 1,228,835

Physical sciences 64,465 66,831 61,330 75,199 82,651 75,454 92,183 98,886 141,245 155,766

Math and computer sciences 31,587 28,169 30,602 46,713 37,178 61,229 63,826 59,664 62,395 47,485

Environmental sciences 33,294 30,535 38,000 36,011 29,013 45,230 35,610 32,926 37,183 42,359

Life sciences 437,558 537,459 511,079 564,133 595,164 583,535 620,434 721,001 804,833 855,931

Pyschology 18,802 10,054 11,751 14,989 27,989 10,702 14,040 7,354 8,178 9,657

Social sciences 39,344 41,363 29,131 34,175 40,421 52,206 40,434 42,677 59,797 54,682

Other sciences 52,019 43,698 30,190 32,951 34,195 22,596 47,264 65,531 65,707 62,954

Engineenng 81,067 92,667 126,065 113,635 107,443 149,557 241,562 279,955 261,725 259,177

See appendix table 4.1 for GNP implicit price deflators used convert current dollars to constant 1982 dollars.

SOURCES Science Resources Studies Division, National Science Foundation. Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989, NSF 90-321, Detailed Statistical Tables (Wc,shington, DC: NSF, 1991);

and annual series
Science & Engineering indicators - 1991
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Appendix table 5-12.
Cost and square footage of academic R&D construction: 1986-91

Appendix A. Appendix Tables
..--

Field

New R&D space Cost' Cost per square toot

1986-87
actual

1988-89
actual

1990-91
planned

1986-87
actual

1988-89 1990-91
actual planned

1986-87
actual

1988-89
actual

1990-91
planned

Thousands of square feet Millions of dollars Dollars

Total 9,922 10,647 11,222 2,051 2,464 3,495 207 231 311

Physical sciences 799 2,000 1,564 182 401 624 228 201 399

Mathematical sciences 9 25 45 2 8 11 222 320 244

Computer sciences 237 286 392 61 65 99 257 227 253

Environmental sciences . . 380 324 520 57 82 165 150 253 317

Agricultural sciences 1,513 1,146 756 150 152 186 99 133 246

Biological sciences 1,708 2,262 2,808 463 577 944 271 255 336

Medical sciences 1,948 2,253 2,723 505 647 877 259 287 322

Psychology 132 115 21 23 25 9 174 217 429

Social sciences 202 329 162 38 48 34 188 146 210

Other sciences 603 418 36 139 70 17 231 167 472

Engineering 2,390 1,490 2,196 430 388 529 180 260 241

NOTE: Data for 2 years are combined, e.g., 1988-89 refers to two academic years.

'Project cost estimates are prorated to reflect R&D component only.

SOURCE: Science Resources Studies Division, National Science Foundation, Scientific andEngineering Research Facilities at Universities and Colleges:

1990, NSF 90-318 (Washington, DC: NSF, 1990).
Science & Engineering Indicators 1991
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Appendix table 5-13.
Current fund expenditures for research equipment at universities and colleges, by field: 1981-89
(page 1 of 2)

Field 1981 1982 1983 1984 1985 1986 1987 1988 1989

Federal and non-Federal

--Thousands of current dollars
Total 418,273 421,400 455,167 541,596 680,508 790,166 847,339 921,099 997,880

Physical sciences 77,527 79,554 81,039 103,684 142,045 163,010 165,492 180,910 179,388
Mathematical sciences 2,641 3,568 3,746 5,326 6,149 6,854 9,764 9,601 10,555
Computer sciences 13,011 14,726 18,588 22,919 37,541 44,274 43,645 44,505 42,321

Environmental sciences 31,102 28,528 31,672 41,625 48,280 51,846 55,532 55,563 66,430
Life sciences 199,646 201,924 211,370 245,998 287,553 335,407 344,107 386,374 442,421
Pyschology 5,754 5,701 6,603 7,346 8,758 8,673 10,600 9,647 10,717
Social sciences 7,793 7,073 9,452 13,800 10,040 13,892 11,779 11,832 14,378
Other sciences 7,261 8,992 10,438 10,342 14,718 20,070 27,265 27,005 26,680
Engineering 73,538 71,334 82,259 90,556 125,424 146,140 179,155 195,662 204,990

Federal

Total 262,394 270,433 281,267 342,321 433,132 501,902 527,230 577,412 594,191

Physical sciences 59,460 63,763 63,610 82,653 113,189 130,405 130,267 142,077 13653
Mathematical sciences 1,850 2,559 2,485 4,082 4,934 5,172 7,577 7,516 C ,946

Computer sciences 7,132 9,865 '12,223 16,846 29,398 35,098 33,932 34,716 28,983
Environmental sciences 18,870 18,370 19,719 29,760 33,041 35,779 36,144 36,624 44,790
Life sciences 117,842 116,473 115,033 137,224 157,056 188,614 188,344 215,754 239,523
Psychology 4,166 4,052 4,596 4,998 6,228 5,857 8,105 6,575 6,892
Social sciences 3,380 2,748 3,103 3,905 4,044 4,179 3,438 3,296 4,672
Other sciences 4,061 5,724 6.245 5,601 6,792 11,762 14,085 13,014 13,410
Engineering 45,633 46,879 5-,,253 57,252 78,450 85,036 105,338 117,840 117,322

Non-Federal

Total 155,879 150,967 173,900 199,275 247,376 288264 320,109 343,687 403,689

Physical sciences 18,067 15,791 17,429 21,031 28,856 32,605 35,225 38,833 47,735
Mathematical sciences 791 1,009 1,261 1,244 1,215 1,682 2,187 2,085 3,609
Computer sciences 5,879 4,861 6,365 6,073 8,143 9,176 9,713 9,789 13,338
Environmental sciences 12,232 10,158 11,953 11,865 15,239 16,067 19,388 18,939 21,640
Life sciences 81,804 85,451 96,337 108,774 130,497 146,793 155,763 170,620 202,898
Pyschology 1,588 1,649 2,007 2,348 2,530 2,816 2,495 3,072 3,825

Social sciences 4,413 4,325 6,349 9,895 5,996 9,713 8,341 8,536 9,706
Other sciences 3,200 3,268 4,193 4,741 7,926 8,308 13,180 13,991 13,270
Engineering 27,905 24,455 28,006 33,304 46,974 61,104 73,817 77,822 87,668

Federal and non-Federal

Thousands of constant 1982 dollars'
Total 448,763 421,400 436,684 500,590 610,140 690,042 717,879 757,370 787,334

Physical sciences 83,178 79,554 77,748 95,834 127,357 142,354 140,208 148,753 141,538
Mathematical sciences 2 ,834 3,568 3,594 4,923 5,513 5,986 8,272 7,894 8,328
Computer sciences 13,959 14,726 17,833 21,184 33,659 38,664 36,977 36,594 33,392
Environmental sciences 33,369 28,528 30,386 384,3 43,288 45,276 47,048 45,686 52,414
Life sciences 214,199 201,924 202,787 227,373 25/,819 292,906 291,533 317,695 349,073

Pyschology 6,173 5,701 6,335 6,790 7,852 7,574 8,980 7,932 8,456

Social sciences 8,361 7.073 9,068 12,755 9,002 12,132 9,979 9,729 11,344

Other sciences 7,790 8,992 10,014 9,559 13,196 17,527 23,099 22,205 21,051

Enginee ring 78,899 71,334 78,919 83,700 112,455 127,622 151,783 160,882 161,739

(continued)
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Appendix table 5-13.
Current fund expenditures for research equipment at universities and colleges, by field: 1981-89
(page 2 of 2)

Field 1981 1982 1983 1984 1985 1986 1987 1988 1989

Federal

Thousands of constant 1982 dollars'

Total 281,521 270,433 269,846 316,403 388,344 438,304 446,678 474,775 468,821

Physical sciences 63,794 63,763 61,027 76,395 101,485 113,881 110,364 116,822 103,875

Mathematical sciences 1,985 2,559 2,384 3,773 4,424 4,517 6,419 6,180 5,480

Computer sciences 7,652 9,865 11,727 15,571 26,358 30,651 28,748 28,545 22,868

Environmental sciences 20,246 18,370 18,918 27,507 29,624 31,245 30,622 30,114 35,340

Life sciences 126,432 116,473 110,362 126,834 140,816 164,71.; 159,568 177,403 188,985

Pyschology 4,470 4,052 4,409 4,620 5,584 5,115 6,867 5,406 5,438

Social sciences 3,626 2,748 2,977 3,609 3,626 3,649 2,913 2,710 3,686

Other sciences 4,357 5,724 5,991 5,177 6,090 10,272 11,933 10,701 10,581

Engineering 48,959 46.879 52,050 52,917 70,338 74,261 89,244 96,894 92,568

Non-Federal

Total 167,242 150,967 166,839 184,187 221,796 251,737 271,202 282,595 318,513

Physical sciences 19,384 15,791 16,721 19,439 25,872 28,474 29,843 31,930 37,663

Mathematical sciences 849 1,009 1,210 1,150 1,089 1,469 1,853 1,714 2,848

Computer sciences 6,308 4,861 6,107 5,613 7,301 8,013 8,229 8,049 10,524

Environmental sciences 13,124 10,158 11,468 10,967 13,663 14,031 16,426 15,573 17,074

Life sciences 87,767 85,451 92,425 100,538 117,003 128,192 131,965 140,292 160,088

Psychology 1,704 1,649 1,926 2,170 2,268 2,459 2,114 2,526 3,018

Social sciences 4,735 4,325 6,091 9,146 5,376 8,482 7,067 7,019 7,658

Other sciences 3,433 3,268 4,023 4,382 7,106 7,255 11,166 11,504 10,470

Engineering 29,939 24,455 26,869 30,782 42,117 53,361 62,539 63,989 69,171

'See appendix table 4-1 for GNP implidt price deflators used to convert current dollars into constant 1982 dollars.

SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989,
NSF 90321. Detailed Statistical Tables (Washington, DC: NSF, 1991); and annual series.
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Appendix table 5-14.
Trends in research equipment in the $10,000-$999,000 range, by system age:
1982-83, 1985-86, and 1988-89

1982-83 1985-86 1988-89

Number Percent Number Percent Number Percent
Total systems 36,300 100 53,390 100 78,950 100

Age (from year of purchase)
Less than 3 years 12,705 35 19,637 37 29,968 38

3-5 years 9,801 27 13,791 26 24,312 31

6 or more years 13,794 38 19,962 37 24,670 31

SOURCES: Science Resources Studies Division. National Science Foundation. Charac eristts of
Science/Engineering Equipment in Academic Settings: 1989-90. NSF 91-315 (Washingtw, r)C: NSF,
1991): and earlier reports.

Science & Engineering Indicators - 1991

Appendix table 5-15.
National stock of in-use academic instrumentation, in selected fields: 1982-83, 1985-86, and 1988-89

Instrument
systems

Aggregate
purchase price

Mean price
per system

Field 1982-83 1985-86 1988-89 1982-83 1985-86 1988-89 1982-83 1985-86 1988-89

Number Millions of dollars Thousands of dollars
Total 36,300 53,390 78,950 1,303 2,044 3,177 36.1 38.3 40.2

Chemistry
Physics/astronomy
Computer sciences
Environmental sciences
Biological sciences
Agricultural sciences
Engineering

4,800 7,019 10,365 210 340 551 43.6 48.5 53.2

3,900 5,325 8,131 180 248 357 45.8 46.6 44.0
900 2,178 3,703 50 109 165 57,8 49.8 44.4

2,100 3,300 4,477 109 172 246 51.6 52.2 55.0

15,300 22,301 29,530 420 645 928 27.4 28.9 31.4

1,600 2,570 3,851 38 62 93 22.7 24.2 24.2

7,600 10,697 18,894 296 467 837 38.5 43.7 44.3

NOTES: Details may not sum to totals because of rounding. Number of instrument systems, aggregate purchase price, and mean price per system are not
adjusted for inflation.

SOURCES: Science Resources Studies Division. National Science Foundation, Characteristics of Science/Engineering Equipment in Academic Settings:
1989-90, NSF 91-315 (Washington, DC. NSF, 199'.1; and earlier reports.
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Appendix table 5-16.
Number and percentage of science and engineering fields in 277 universities and colleges, by total R&D
volume and field: 1980-89
(page 1 of 2)

Total
More than More than
$1 million $5 million

More than
$10 million Total

More than More than
$1 million $5 million

More thar
$10 million

Total science and engineering

Number Percent
1980 3,621 1,162 382 188 52.3 16.8 5.5 2.7
1981 3,530 1,186 377 197 51.0 17.1 5.4 2.8

1982 3,539 1,192 372 195 51.1 17.2 5.4 2.8

1983 3,546 1,225 394 209 51.2 17.7 5.7 3.0

1984 3,601 1,231 402 222 52.0 17.8 5.8 3.2

1985 3,602 1,308 441 247 52.0 18.9 6.4 3.6

1986 3,691 1,396 482 264 53.3 20.2 7.0 3.8

1987 3,672 1,450 512 291 53.0 20.9 7.4 4.2

1988 3,670 1,526 543 301 53.0 22.0 7.8 4.3
1989 3,717 1,575 572 310 53.7 22.7 8.3 4.5

Physical sciences

1980 542 203 49 9 48.9 18.3 4.4 0.8

1981 531 207 47 8 47.9 18.7 4.2 0.7

1982 532 209 50 8 48.0 18.9 4.5 0.7

1983 536 218 53 11 48.4 19.7 4.8 1,0

1984 538 223 55 13 48.6 20.1 5.0 1,2

1985 541 236 70 16 48.8 21.3 6.3 1.4

1986 551 249 78 17 49.7 22.5 7.0 1.5

1987 556 256 79 21 50.2 23.1 7.1 1.9

1988 547 269 86 23 49.4 24.3 7.8 2.1

1989 558 274 90 25 50.4 24.7 8.1 2.3

Mathematical and computer sciences

1980 316 51 9 1 57.0 9.2 1.6 0,2

1981 323 55 8 2 58.3 9.9 1.4 0.4

1982 333 56 8 1 60.1 10.1 1.4 0.2

1983 335 67 9 2 60.5 12.1 1.6 0.4

1984 344 69 11 5 62.1 12.5 2.0 0.9
1985 344 76 15 7 62.1 13.7 2,7 1,3

1986 364 90 16 8 65.7 16.2 2.9 1,4

1987 365 101 17 9 65.9 18,2 3.1 1,6

1988 369 109 22 10 66.6 19,7 4.0 1.8

1989 379 114 23 8 68.4 20.6 4,2 1.4

Environmental sciences

1980 446 132 33 11 40.3 11.9 3.0 1.0

1981 395 142 31 11 35.6 12.8 2.8 1.0

1982 385 138 30 11 34.7 12,5 2.7 1.0

1983 370 138 30 11 33.4 12.5 2.7 1 n

1984 367 136 29 1.... 33.1 12,3 2.6 1.2

1985 364 140 33 16 32.9 12.6 3.0 1.4

1986 380 143 38 18 34.3 12.9 3.4 1.6

1987 380 149 38 20 34.3 13.4 3.4 1.8

1988 380 146 41 19 34.3 13.2 3.7 1.7

1989 372 155 46 18 33.6 14.0 4.2 1.6

Life sciences

1980 593 360 227 145 53.5 32.5 20.5 13.1

1981 600 366 231 156 54.2 33.0 20 8 14,1

1982 610 370 229 151 55.1 33.4 20,7 13.6

1983 628 379 242 165 56.7 34.2 21.8 14.9

1984 640 380 239 170 57.8 34.3 21.6 15.3

1985 642 387 249 185 57.9 34.9 22,5 16.7

1986 658 393 261 192 59.4 35.5 23,6 17.3

1987 657 404 268 201 59.3 36.5 24.2 18.1

1988 652 415 269 208 58.8 37.5 24,3 18.8

1989 660 420 278 213 59.6 37.9 25,1 19.2

(continued)



Science & Engineering Indicators - 1991 371

Appendix table 5-16.
Number and percentage of science and engineering fields in 277 universities and colleges, by total R&D
volume and field: 1980-89
(page 2 of 2)

Total
More than
$1 million

More than
$5 million

More than
$10 million Total

More than More than
$1 million $5 million

More than
$10 million

Social sciences and psychology

Percent-
1980 868 165 17 3 62.7 11.9 1.2 0.2
1981 859 166 14 3 62.0 12.0 1.0 0.2
1982 879 160 12 2 63.5 11.6 0.9 0.1

1983 871 151 13 1 62.9 10.9 0.9 0.1

1984 906 145 17 2 65.4 10.5 1.2 0.1

1985 889 158 15 1 64.2 11.4 1.1 0.1

1986 908 181 22 1 65.6 13.1 1.6 0.1

1987 890 184 23 4 64.3 13.3 1.7 0.3
1988 896 203 28 4 64.7 14.7 2.0 0.3
1989 907 214 30 6 65.5 15.5 2.2 0.4

Engineering

1980 856 251 47 19 51.5 15.1 2.8 1.1

1981 822 250 46 17 49.5 15.0 2.8 1.0

1982 800 259 43 22 48.1 15.6 2.6 1.3

1983 806 272 47 19 48.5 16.4 2.8 1.1

1984 806 278 51 19 48.5 16.7 3.1 1.1

1985 822 311 59 22 49.5 18.7 3.5 1.3

1986 830 340 67 28 49.9 20.5 4.0 1.7

1987 824 356 87 36 49.6 21.4 5.2 2.2

1988 826 384 97 37 49.7 23.1 5.8 2.2

1989 841 398 105 40 50.6 23.9 6.3 2.4

NOTES: Data represent 26 fields in 277 universities and colleges continuously surveyed by the National Science Foundation since 1973. Funding is in
constant 1988 dollars.

SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Englneering: R&D Expenditures, Fiscal Year 1989.
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations.
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Appendix table 5-17.
Selected academic institutions by number of their science and engineering fields exceeding $1 million in total
R&D expenditures: 1980-89

Number of fields 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

0 75 70 73 74 73 62 57 52 49 47

1 30 32 29 25 28 35 31 30 25 30

2 39 38 42 38 37 43 40 38 41 37

3 17 18 15 18 15 10 16 22 22 21

4 15 12 14 17 14 13 16 18 21 15

5 13 22 16 16 20 17 12 12 11 16

6 13 11 14 16 16 16 15 12 14 10

7 10 9 10 7 12 13 15 14 12 12

8 11 8 9 11 5 7 11 9 7 12

9 8 9 5 5 9 8 8 12 7 8

10 9 10 12 12 7 7 8 7 12 10

11 6 7 8 5 8 8 7 9 8 9

12 7 9 4 6 7 6 8 5 8 6

13 6 4 6 5 6 8 6 8 6 11

14 3 5 5 4 3 5 3 5 7 5

15 7 4 4 5 6 4 7 4 3 4

16 2 1 2 3 1 4 2 3 3 2

17 0 3 2 3 2 3 3 4 6 4

18 2 1 1 1 0 0 2 4 5 6

19 1 0 4 1 2 1 3 0 0 2

20 2 3 1 4 4 3 3 4 4 3

21 1 0 0 0 0 2 2 3 3 4

22 0 1 1 0 1 1 0 0 1 1

23 0 0 0 1 1 1 1 1 1 2

24 0 0 0 0 0 0 1 1 1 0

25 0 0 0 0 0 0 0 0 0 0

26 0 0 0 0 0 0 0 0 0 0

NOTES: Data represent 26 fields in 277 universities and colleges continuously surveyed by the National Science Foundation since 1973. Funding is in

constant 1988 dollars.

SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&DExpenditures, Fiscal Year 1989,

NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF. 1991); and unpublished tabulations.

See figure 56. Science & Engineering Indicators 1991

1;)



Science & Engineering Indicators - 1991 373

Appendix table 5-18.
Total and Federal academic R&D funds, by geographic region and field: 1973-74, 1980-81, and 1988-89

Total Mathematical Environ-
science and Physical and computer mental Life Social Other

Region engineering sciences sciences sciences sciences Psychology sciences sciences Engineering

1973-74

East
West
North
South

East
West
North
South

East
West
North
South

East
West
North
South

East
West
North
South

East
West
North
South

Percentage of total R&D
28.0 33.2 36.3 26.1 27.0 28.8 27.5 26.3 27.4

24.3 27.6 20.6 43.7 22.1 21.6 20.9 14.0 24.8

24.1 21.0 23.0 14.9 23.7 29.6 31.5 31.9 26.4

23.3 18.2 20.0 15.0 26.5 20.0 20.0 27.7 21.2

1980-81

26.5 31.8 37.9 24.5 24.9 31.2 26.7 18.9 27.8

24.8 27.5 16.0 41.3 22.8 21.9 20.5 24.4 24.4

22.7 21.0 21.2 13.1 23.7 29.8 28.3 30.3 21.8

25.7 19.7 24.8 20.8 28.0 17.1 24.2 26.4 25.9

1988-89

26.0 27.7 36.9 24.0 24.8 32.4 28.0 15.8 27.3
23.1 28.6 22.3 35.7 21.6 22.4 17.6 17.1 21.5

21.1 19.9 15.2 11.9 22.1 22.5 23.5 36.8 21.2

29.1 23.0 24 9 27.4 30.7 21.2 29.9 30.1 29.5

1973-74

Percentage of Federal R&D .....

29.9 34.2 41.4 28.4 29.1 28.4 26.6 29.6 28.9
26.7 29.2 21.8 48.7 24.0 23.2 22.5 13.0 27.9

22.2 20.9 21.7 10.4 21.6 27.8 33.0 29.8 25.2

21.0 15.7 15.1 12.4 24.9 20.6 17.9 27.6 17.9

1980-81

29.2 32.7 40.6 27.3 28.1 30.1 29.5 18.0 30.2

26.7 29.4 19.2 44.2 23.7 23.7 21.1 27.1 28.4

21.0 21.2 20.9 10.9 21.5 30.5 28.5 26.5 20.7

22.8 16.6 19.1 17.4 26.2 15.7 20.9 28.4 20.7

1988-89

28.6 29.6 40.2 26.7 28.1 32.5 27.8 13.0 28.4

25 7 30.7 27.5 38.5 22.7 25.4 19.1 22.2 27.1

19.6 19.8 13.0 10.1 20.5 22.3 26.8 29.7 19.9

25.5 19.2 18.7 23.4 28.1 18.0 25.7 34.9 24.1

SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989,
NSF 90-321. Detailed Statistical Tables (Washington. DC: NSF, 1991); and unpublished tabulations.

See text table 5-4. Science & Engineering Indicators - 1991
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Appendix table 5.19.
Total and Federal academic R&D funds, by state: 1973-74, 1980-81, and 1988-89

State 1973-74

Total R&D funds

1980-81 1988-89 1973-74

Federal R&D funds

1980-81 1988-89

TOTAL U.S. 6,957,428 8,516,040 13,534,597 4,734,782 5,640,293 8,013,164

Alabama 68,264 86,948 201,203 48,959 57,101 117,105

Alaska 41,929 53,634 52,133 26,634 31,199 24,511

Arizona 72,454 114,176 206,839 37,550 62,856 97,870

Arkansas 25,241 41,160 41 .727 10,838 12,736 15,126

California 909,923 1,133,468 1,771,457 729,244 853,894 1,225,363

Colorado 149,326 174,311 211,870 115,011 130,202 156,176

Connecticut 127,378 174,674 265,068 93,220 136,424 177,226

Delaware 13,380 23,044 34,350 7,370 12,622 15,492

District of Columbia 71,689 75,789 106,217 57,006 54,553 78,285

Florida 176,897 204,349 336.286 98,970 111,109 172,155

Georgia 130,967 197,320 383,293 58,904 103,286 188,953

Hawaii 54,416 56,702 66,077 34,789 34,653 38,747

Idaho 22,693 24,255 31,320 10,178 11,328 11,636

Illinois 324,353 344,751 565,177 234,023 241,156 320,937

Indiana 132,574 151,017 215,068 94,483 100,698 130,711

Iowa 89,881 134,477 191,534 49,659 71,347 93,586

Kansas 76,003 71,067 101,787 47,837 37,409 42,500

Kentucky 40,057 55,594 88,364 21,194 25,278 34,187

Louisiana 83,460 112,037 173,385 35,619 44,740 65,951

Maine 16,253 22,169 18,436 10,597 9,295 7,572

Maryland 176,314 209,527 453,681 136,676 164,623 267,580

Massachusetts 460,890 563,641 818,277 378,669 452,787 594,032

Michigan 260,123 307,132 453,699 163,988 179,261 247,986

Minnesota 136,158 171,339 243,299 78,625 99,362 124,368

Mississippi 48,217 59,223 73,903 21,677 23,278 33,528

Missouri 156,664 160,898 241,836 99,653 100,900 130,888

Montana 22,865 26,295 32,148 9,915 14,136 12,612

Nebraska 45,867 61,115 86,742 17,663 23,262 35,219

Nevada 16,435 17,621 36,400 7,817 9,121 19,827

New Hampshire 18,998 31,776 58,659 15,646 22,865 39,602

New Jersey 121,951 123,181 258,633 68,884 74,978 110,167

New Mexico 40,846 85,343 130,054 32,564 65,279 73,893

New York 817,816 856,638 1,274,185 576,985 600,764 839,956

North Carolina 182,093 197,632 400,220 127,821 137,355 247,718

North Dakota 16,710 26,850 25,481 6,632 10,310 17,448

Ohio 187,587 261,372 392,104 127,200 170,328 225,555

Oklahoma 46,190 78,259 112,532 24,776 31,672 32,502

Oregon 84,008 103,193 152,439 58,250 63,960 92,996

Pennsylvania 333,071 405,658 706,119 229,245 287,630 440,510

Rhode Island 32,363 51,516 77,060 28,696 44,406 56,141

South Carolina 29,351 50,064 109,967 13,155 26,148 40,905

South Dakota 15,987 14,007 12,243 7.090 5,999 5,955

Tennessee 82,108 122,175 200,092 65,736 73,492 111,979

Texas 342,309 524,414 937,620 203,405 307,776 468,579

Utah 89,001 95,319 152,099 65,878 68,623 101.227

Vermont 17,827 23,507 39,202 11 .758 16,970 26,553

Virginia 87,632 126,168 246,478 52.858 88,398 135,571

Washington 167,376 206,872 256,550 124,975 150,988 190,202

West Virginia 16,454 25,413 34,137 10,902 13,751 16,323

Wisconsin 232,321 232,185 333,245 123,646 145.305 193,489

Wyoming 16,288 16,577 21,399 10,792 8,866 12,191

Remaining areas 28,465 30,187 102,506 11,118 15,811 53,574

NOTE: Funding is in constant 1988 dollars.

SOURCES: Science Resources Studies DMsion, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989,
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations.

See figure 57. Science & Engineering Indicators - 1991
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Appendix table 5-20.
Science and engineering doctorate-holders employed by academic institutions and those active in R&D, by
field: 1979 and 1989

Field

Total
employment

Total in
R&D

Active in
R&D

1979 1989 1979 1989 1979 1989

Number Percent

TOTAL SCIENCE AND ENGINEERING . . . 153,220 202,089 100,562 154,860 65.6 76.6

Physical scierres 22,549 25,163 15,513 19,800 68.8 78.7

Astronomy 1,235 1,642 1,074 1,486 87.0 90.5

Chemistry 13,147 14,276 8,4130 10,849 64.3 76.0

Physics 8,167 9,245 5,979 7,465 73.2 80.7

Math and computer sciences 13,504 19,118 8,235 13,465 61.0 70.4

Mathematical sciences 11,001 12,323 6,560 8,825 59.6 71.6

Computer sciences 2,192 6,090 1,491 4,122 68.0 67.7

Other 311 705 184 518 59.2 73.5

Environmental sciences 5,278 7,385 4,106 6,560 77.8 88.8

Atmospheric sciences 637 845 615 800 96.5 94.7

Earth sciences 3,454 4,493 2,554 3,870 73.9 86.1

Oceanography 669 1,328 645 1,261 94.9 95.0

Other 518 719 292 629 57.8 87.5

Life sciences 48,282 67,380 36,353 55,647 75.3 82.6

Agricultural sciences 6,567 8,943 4,993 7,696 76.0 86.1

Biological sciences 32,936 45,569 25,982 39,380 78.9 86.4

Medical sciences 7,232 9,202 4,796 6,452 66.3 70.1

Other 1,547 3,666 582 2,119 37.6 57.8

Psychology 16,616 21,354 8,112 12,423 48.8 58.2

Social sciences 28,165 37,158 15,021 27,294 53.3 73.5

Anthropology 2,044 2,763 1,070 2,205 52.3 79.8

Economics 7,126 10,497 4,711 8,052 66.1 761

History of science 350 1,077 172 576 57.3 53.5

Linguistics 969 1,430 667 1,194 68.8 83.5

Political science 7,842 9,278 3.064 6,678 38.8 72.0

Sociology 5,655 6,949 3,268 4,967 57.8 71.5

Other 4,179 5,164 2,069 3,622 49.5 70.1

Other sciences 5,052 3,133 2,628 1,922 52.0 61.3

Engineering 13,839 21,517 10,659 17,749 77.0 82.5

Aeronautical/astronautical 598 1,031 556 893 93.0 86.6

Chemical 1,060 2,051 777 1,886 73.3 92.0

Civil 2,165 3,278 1,822 2,529 84.2 77.2

Electrical/electronic 2,490 4,402 1,830 3,442 73.5 78.2

Materials/metallurgy 1,300 1,595 1,044 1,421 80.3 89.1

Mechanical 2,374 3,938 1,675 3,295 70.6 83.4

Other 3,852 5,222 2,955 4,283 76.7 82.2

NOTE: Academic institutions exclude federally funded research and development centers.

SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers inthe United States:

1989, NSF 91-317, Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations.

See figure 58. Science & Engineenng Indicators 1991



Appendix table 5-21.
Academic employment and R&D activity of doctoral scientists and engineers, by gender, race/ethnicity, and field: 1979 and 1989
(page 1 of 2)

1979 1989

White Black Asian
Native

American Hispanic White Black Asian
Native

American Hispanic

Total

Total employed
Total science and engineering 138,162 1,721 9,966 267 2,019 177,232 3,299 16,420 387 3,893

Physical sciences 20,085 130 1,801 43 349 21,780 363 2,188 70 526
Math and computer sciences 12,054 128 998 207 16,390 169 1998, 32 428
Environmental sciences 4,991 176 71 6,774 24 383 193
Life sciences 43,310 523 3,507 46 627 59,576 927 5,537 80 1,095
Psychology 15,885 284 194 38 67 19,920 531 418 44 258
Social sciences 25,511 542 1,479 90 312 32,900 987 2,147 143 837
Other sciences 4,512 78 306 32 64 2,477 141 359 87
Engineering 11,814 35 1,505 322 17,415 157 3,390 469

Active in R&D
Total science and engineering 89,395 866 8,173 206 1,257 133,976 2,055 14,627 302 3,154

Physical sciences 13,633 94 1.478 183 16,923 306 1,913 68 432
Math and computer sciences 7,199 51 751 131 11,264 115 1,636 28 321

Environmental sciences 3,856 ' 160 56 6,016 22 337 174
Life sciences 32,117 340 3,151 46 520 48,732 659 5,042 66 1,005
Psychology 7,804 94 68 38 30 11,650 217 290 33 85
Social sciences 13,651 251 822 59 171 24,016 540 1,820 89 703
Other sciences 2,242 22 269 32 33 1,447 84 319 70

Engineering 8,893 ' 1,474 ' 133 13,928 112 3,270 ' 364

Men

Total employed
Total science and engineering 121,089 1,296 8,688 251 1,739 145,304 2,228 13,823 315 3,066

Physical sciences 18,811 119 1,600 43 332 19,861 333 1,831 70 441

Math and computer sciences 11,229 117 890 201 14,768 140 1,755 30 397

Environmental sciences 4,711 ' 163 66 6,123 22 354 180

Life sciences 36,562 324 2,810 35 530 45,647 524 4,175 47 805
Psychology 12,429 207 134 34 13,533 249 228 30 93
Socii,l sciences 21,779 447 1,359 90 241 26,443 696 1,875 124 628

Other sciences 3,866 47 257 32 36 1,993 114 305 76

Engineering 11,702 34 1,475 ' 322 16,936 150 3,300 ' 446

(continued)



Appendix table 5-21.
Academic employment and R&D activity of doctoral scientists and engineers, by gender, race/ethnicity, and field: 1979 and 1989
(page 2 of 2)

1979 1989

White Black Asian
Native

American Hispanic White Black Asian
Native

American Hispanic

Men

Active in R&D
Total science and engineering 79,634 654 7,184 191 1,101 110,934 1,413 12,362 251 2,496

Physical sciences 12,917 89 1,329 . 174 15,555 278 1,609 68 361

Math and computer sciences 6,782 50 691 127 10,259 99 1,442 26 297

Environmental sciences 3,663 147 54 5,426 22 308 164

Life sciences 27,367 225 2,55,1 35 454 37,720 404 3,770 37 752

Psychology 6,221 60 40 34 8,041 80 153 30

Social sciences 11,844 208 749 59 134 19,248 348 1,620 76 517

Other sciences 2,041 228 32 25 1,192 75 273 61

Engineering 8,799 1,446 133 13,493 107 3,187 344

Women

Total employed
Total science and engineering 17,073 425 1,278

. 280 31,928 1,071 2,597 72 827

Physical sciences 1,274 201 17 1,919 30 357 85

Math and computer sciences 825 108 6 1,622 29 243 31

EnOronmental sciences 280 5 651 29

Life sciences 6,748 199 697 97 13,929 403 1,362 33 290

Psychology 3,456 77 60 56 6,387 282 190 165

Social sciences 3,732 95 120 71 6,457 291 272 209

Other sciences 646 31 49 28 484 27 54

Engineering 112 * 30 0 479 ' 90 23

Active in R&D
Total science and engineering 9,761 212 989 156 23,042 642 2,265 51 658

Physical sciences 716 149 1,368 28 304 71

Math and computer sciences 417 60 1,005 194 24

Environmental sciences. 193 ' 590 29

Life sciences 4,750 115 597 66 11,012 255 1,272 29 253

Psychology 1,583 34 28 30 3,609 137 137 85

Social sciences 1,807 43 73 37 4,768 192 200 186

Other sciences 201 41 255 46

Engineering 94 28 435 83 23

too few cases to estimate

;OlifICES Science Resources Studies Division, National Science Foundation, Characteristics of DoctoralScientists and Engineers in the United States: 1989, NSF 91-317, Detailed Statistical Tables (Washington, DC:

NSF. 1991). and unpublished tabulations

See figure 5-9 and text tables 5-5 and 5-6,
Science & Engineering Indicators - 1991
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Appendix table 5-22.
Academic doctoral scientists and engineers active in R&D, by number of
years since Ph.D. award and field: 1973-89
(page 1 of 2)

1-3
years

4-7
years

8-10 11-15
years years

More than
15 years

Total science and engineering

Percent
1973 20.7 26.0 13.9 14.2 25.3
1975 17.8 26,3 14.8 15.8 25.2
1977 15.4 23.9 15.7 17.5 27.6

1979 14.8 21.1 15.4 20.1 28.5
1981 14.4 19.7 13.9 20.6 31.4

1983 13.3 17.7 12.0 22.3 34.7

1985 12.8 16.9 11.8 19.4 39.1

1987 11.6 16.2 10.8 17.9 43.5
1989 12.3 15 7 10.4 16.6 45.0

Physical sciences

1973 18.2 25.5 14.8 16.0 25.4
1975 13.4 23.5 16.4 18.5 28.2

1977 13.7 19.6 16.1 18.7 31.9

1979 12.8 15.6 14.0 23.9 33.6

1961 13 8 14.9 10.7 22.0 38.6

1983 10.5 11.9 9.3 21.4 46.8

1985 11.8 12.2 8.5 14.4 53.0

1987 11.1 11.3 7.2 13.9 56.5

1989 13.8 12.5 7.3 11.1 55.3

Mathematical and computer sciences

1973 22.9 30.9 15.3 12.2 18.7

1975 17.0 30.8 15.8 16.3 19.6

1977 15.4 24.5 19.1 17.6 23.5

1979 13.3 18.9 18.7 24.4 24.6

1981 13.8 18.6 13.8 24.7 29.2

1983 12.6 18.7 10.3 23.0 35.5

1985 12.7 17.3 8.8 20.3 40.9

1987 11.0 17.3 9.3 17.0 45.3

1939 12.0 16.5 9.8 14.6 47.2

Environmental sciences

1973 21.4 25.0 14.3 15.0 24.3

1975 21.3 24.1 16.0 15.8 22.8

1977 16.5 25.5 13.4 17.5 27.0

1979 15.8 18.9 15.4 21.9 28.0

1981 17.6 17.4 14.8 19.1 31.1

1983 14.9 19.7 14.0 17.8 33.6

1985 11.0 17.4 12.1 20.1 39.3

1987 12.7 17 2 7.5 21.7 40.9

1989 10.3 17.1 10.0 17.7 45.0

Life sciences

1973 19.6 23.8 12.5 13.7 30.4

1975 17.8 25.8 13.1 15.1 28.3

1977 15.6 24.3 15.0 16.2 28.9

1979 15.4 23.0 15.2 17.4 29.1

1981 15.9 20.7 13.7 19.6 30.2

1983 14.5 18.0 12.4 22.5 32.7

1985 13.6 18.2 11.8 20.8 35.6

1987 12.4 17.4 12.1 18.6 39.4

1989 13.7 17.0 11.5 16.9 40.9

(continued)
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Appendix table 5-22.
Academic doctoral scientists and engineers active in R&D, by number of
years since Ph.D. award and field: 1973-89
(page 2 of 2)

1-3
years

4-7
years

8-10
years

11-15
years

More than
15 years

Social sciences and psychology

Percent
1973 24.6 25.7 12.8 13.6 23.2
1975 22.3 28.4 13.4 13.4 22.6
1977 17.4 28.1 14.8 15.1 24.7
1979 18.1 24.8 16.8 17.2 23.2
1981 14.5 24.1 15.4 19.9 26.0
1983 13.2 21.1 15.3 21.0 29.4
1985 11.8 18.1 15.8 21.2 33.1

1987 10.5 16.3 13.1 20.7 39.4
1989 . 9.7 15.4 11.3 20.3 43.3

Engineering

1973 17.7 30.4 17.3 15.3 19.4
1975 13.2 24.7 20.1 19.6 22.4

1977 12.8 18.2 17.6 25.6 25.8
1979 11.4 18.6 ',1.6 25.8 32.5

1981 11.7 16.2 14.3 20.3 37.5

1983 14.1 16.0 7.9 26.2 35.8

1985 14.5 15.9 9.9 16.1 43.6
1987 12.3 16.9 8.4 14.0 48.4
1989 13.5 15.4 9.5 14.3 47.2

NOTE: "Active in R&D" is defined as those individuals who report R&D as either their primary or
secondary activity.

SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of
Doctoral Scientists and Engineers in the United States: 1989, NSF 91-317, Detailed Statistical Tables
(Washington, DC: NSF, 1991); and unpublished tabulations.

See figure 5-10. Science & Engineering Indicators 1991
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Appendix table 5-23.
Participation of academic doctoral scientists and engineers in R&D, by
number of years since Ph.D. award and field: 1973-89
(page 1 of 2)

Total
1-3

years
4-7

years
8-10
years

11-15
years

More than
15 years

Total science and engineering

Percent
1973. 77.9 80.9 79.7 79.1 76.0 74.2

1975 73.2 80.2 75.3 73.8 71.1 68.0

1977 68.2 73.2 68.3 69.0 66.1 66.5

1979 66.5 76.3 68.7 64.9 64.8 62.8

1981 64.6 80.3 70.6 63.4 60.0 59.7

1983 63.1 77.7 72.1 64.0 59.8 57.2

1985 64.3 77.8 71.5 67.7 59.8 59.6

1987 76.5 87.2 83.2 80.0 75.3 71.6

1989 77.7 88.6 87.2 80.4 77.4 72.0

Physical sciences

1973 80.7 84.6 81.7 83.9 82.2 74.7

1975 77.4 85.3 79.7 80.3 76.3 71.9

1977 74.1 87.8 73.2 73.3 70.5 72.4

1979 69.1 89.1 75.4 66.5 67.4 63.5

1981 68.7 92.0 83.5 70.6 62.0 62.2

1983 69.7 89.1 81.6 74.8 66.3 64.7

1985 69.3 90.9 84.7 78.5 60.2 64.6

1987 78.6 94.8 89.2 87.6 79.0 73.4

1989 79.5 96.4 94.5 89.6 78.8 72,7

Mathematical and computer sciences

1973 73.6 75.6 75.8 79.0 72.5 65.1

1975 69.5 75.2 69.6 69.4 73.2 62.5

1977 63.7 71.9 61.8 64.5 59.6 63.6

1979 61.1 81.6 58.2 58.0 60.5 58.4

1981 58.2 79.1 65.7 52.6 52.8 54.7

1983 59.9 75.3 71.4 53.7 516 57.2

1985 56.7 73.4 71.2 53.8 48.7 53.3

1987 70.4 89.6 84.7 71.9 65.5 64,4

1989 72.0 89.0 88.4 81.3 68.1 64.4

Environmental sciences

1973 82.3 89.6 80.1 84.6 85.6 76.0

1975 80.5 94.7 85.3 79.0 74,4 71.3

1977 80.6 93.4 84.5 76.7 72.9 78.0

1979 78.4 88.8 81.8 75.5 77.6 73,5

1981 75.5 97.8 85.1 69.0 69.1 69.2

1983 76.7 89.3 87.4 85.9 68.6 68.6

1985 77.5 87.0 84.9 85.8 75.3 71.5

1987 89.6 91.1 98.0 82.5 91.7 86.5

1989 89.7 96.4 95.5 91.9 92.0 85.1

Life sciences

1973 84.5 84.8 87.6 84.5 82.5 82.9

1975 80.0 83.9 81.8 81.9 79.3 75.8

1977 77.5 79.8 78.6 79.1 76.8 75.2

1979 76,4 84.6 78.5 76.1 74.7 72.3

1981 75.8 89.2 81.2 74.3 73.8 69.1

1983 75.1 86.2 80.8 77.4 73.1 68.9

1985 74.1 87.6 81.1 74.3 72.7 67.8

1987 83.1 90.4 86.9 88.0 82.8 78.4

1989 83.3 89.7 89.6 84.0 84.2 78.6

(continued)
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Appendix table 5-23.
Participation of academic doctoral scientists and engineers in R&D, by
number of years since Ph.D. award and field: 1973-89
(page 2 of 2)

Total
1-3

years
4-7

years
8-10
years

11-15
years

More than
15 years

Social sciences and psychology

Percent
1973 68.2 74.9 69.4 66.9 62.1 65.1

1975 63.9 74.4 66.9 62.6 57.3 57.3
1977 53.6 57.3 55.5 55.5 49.6 50.8
1979 52.4 60.9 56.2 55.3 47.9 45.7
1981 53.0 62.8 58.3 52.9 48.6 48.1

1983 51.1 62.5 60.4 56.0 46.0 44.2
1985 50.9 57.6 55.0 59.1 48.4 45.8
1987 67.5 75.3 73.5 70.9 67.3 62.7
1989 68.9 77.8 77.9 71.8 69.2 63.9

Engineering

1973 84.5 86.5 88.2 84.0 86.9 76.5
1975 76.5 82.9 80.7 77.1 74.3 70.5
1977 75.2 82.5 77.2 73.0 75.2 72.4
1979 77.8 90.5 86.4 67.0 76.6 75.1

1981 63.9 87.1 74.3 68.7 54.7 59.1

1983 69.7 83.0 80.2 66.5 73.1 60.9
1985 68.2 87.5 75.2 71.5 60.0 63.8
1987 84.0 94.4 88.1 91.3 81.2 80.1

1989 83.5 94.3 95.6 85.2 85.3 77.1

NOTE: "Active in R&D" is defined as those individuals who report R&D as either their prirnary or
secondary activity.

SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of
Doctoral Scientists and Engineers in the United States: 1989, NSF 91-317, Detailed Statistical Tables
(Washington, DC: NSF, 1991); and unpublished tabulations.

See figure 5-11. Science & Engineering Indicators - 1991
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Appendix table 5-24.
Science and engineering doctorate-holders active in academic R&D
reporting U.S. Government support, by field and years since Ph.D. award:
1973-89
(page 1 of 2)

Total
1-3

years
4-7

years
8-10
years

11-15
years

More than
15 years

Physical sciences

Percent
1973 54.7 67.1 50.0 51.3 54.2 52.8

1975 53.1 67.3 50.3 50.3 49.5 52.6

1977 54.4 68.5 56.5 48.4 53.9 50.3

1979 56.7 70.7 53.8 51.7 56.8 54.7

1981 59.0 76.1 61.1 65.0 52.0 54.4

1983 63.9 76.5 74.2 72.0 57.6 59.6

1985 * ' ' * *
.

1987 65.6 79.8 68.4 72.9 70.6 60.1

1989 68.9 78.1 72.7 73.9 66.6 65.6

Mathematical and computer sciences

1973 34.7 25.3 35.0 29.6 45.9 42.7

1975 24.6 15.1 23.1 31.5 26.0 29.0

1977 25.5 23.7 24.7 27.0 23.9 27.7

1979 28.2 24.9 44.7 26.7 16.9 29.7

1981 27.5 24.2 35.0 31.0 31.3 19.4

1983 41.1 42.4 46.3 49.7 40.3 35.7

1985 ^ ^

1987 38.7 30.9 43.8 49.9 38.1 36.6

1989 41.5 34.1 51.6 51.8 48.4 35.6

Environmental sciences

1973 61.8 63.5 68.9 57.1 64.2 54.0

1975 60.8 60.8 66.9 61.8 61.1 53.4

1977 57.6 48.0 63.8 64.5 55.2 55.7

1979 63.9 84.5 64.1 62 9 61.1 54.8

1981 58.0 63.6 71.3 55.8 48.1 54.5

1983 68.3 72.6 70.6 79.9 63.3 63.0

1985 ' ' .

1987 68.4 67.2 69.8 80.9 75.6 62.0

1989 72.3 64.4 78.1 85.1 82.6 65.1

Life sciences

1973 67.7 67.9 67.3 68.7 67.0 67.6

1975 65.8 67.2 64.9 67.4 66.3 64.6

1977 67.5 69.7 68.1 70.2 671 64.5

1979 66.1 68.1 65.4 66.1 66.9 65.1

1981 63.8 733 67.4 62.0 62.3 58.2

1983 70.4 72.1 74.5 74.5 70.7 65.7

1985
^ ' ' * *

1987 73.0 72.8 75.6 79.8 76.1 68.3

1989 74.0 79.0 75.9 77.6 79.2 68.3

Social sciences and psychology

1973 35.0 30.7 37.3 36.0 35.2 36.2

1975 31.4 25.5 32.7 35.0 31.1 33.6

1977 32.8 28.5 32.4 32.0 37.6 33.9

1979 33.2 33.5 31.9 34.3 34.7 32.5

1981 30.9 35.7 32.0 27.3 30.0 30.0

1933 34.7 38.9 37.1 31.4 37.0 31.1

1985 ^ ^ ' '
1987 32.6 31.2 37.2 31.6 33.5 30.8

1989 34.7 35.9 37.3 38.2 37.0 31.6

(continued)
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Appendix table 5-24.
Science and engineering doctorate-holders active in academic R&D
reporting U.S. Government support, by field and years since Ph.D. award:
1973-89
(page 2 of 2)

Total
1-3

years
4-7 8-10

years years
11-15
years

More than
15 years

Engineering

Percent
1973 60.9 54.2 58.5 59.6 71.0 63.9
1975 59.0 62.3 61.4 54.7 59.8 57.5
1977 60.6 64.1 61.1 59.9 58.4 61.3
1979 60.7 56.5 69.5 61.7 57.2 59.6
1981 59.9 51.2 75.3 63.8 61.6 53.5
1983 64.3 47.4 68.4 78.2 63.8 66.4
1985 '
1987 66.6 53.5 76.4 69.0 71.4 64.8
1989 65.4 54.3 76.6 63.5 76.7 62.0

' results for 1985 are discontinuous with other years because of substantial changes in questionnaire
item content

SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of
Doctoral Scientists and Engineers in the United States: 1989, NSF 91-317. Detailed Statistical Tables
(Washington, DC: NSF, 1991); and unpubhshed tabulations.

See figure 5-12. Science & Engineering Indicators - 1991
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Appendix table 5-25.
Full-time graduate students in science and engineering supported by research assistantships (RA), by source
and field: 1972-89
(page 1 of 4)

Total
Federal
support RA

Federal
RA support

Non-Federal
RA support

Total
RA support

Federal
RA support

Non-Federal
RA support

Total science and engineering

Number Percent--

1972 159,520 46,913 34,297 20,666 13,631 21.5 13.0 8.5

1973 161,902 42,745 35,944 20,589 15,355 22.2 12.7 9.5

1974 191,471 46,848 39,507 22,266 17,241 20.6 11.6 9.0

1975 220,489 47,182 40,006 23,045 16,961 18.1 10.5 7.7

1978 224,115 49,116 42,592 24,352 18,246 19.0 10.9 8.1

1977 227,862 50,958 43,743 25,125 18,618 19.2 11.0 8.2

1978 209,572 50,038 NA NA NA NA NA NA

1979 233,089 52,880 49,118 28,045 21,073 21.1 12.0 9.0

1980 239,855 53,164 51,716 29,352 22,364 21.6 12.2 9.3

1981 243,671 51,085 52,880 29,176 23,704 21.7 12.0 9.7

1982 246,218 47,593 52,701 28,320 24,381 21.4 11.5 9.9

1983 253,735 47,909 55,069 29,173 25,896 21.7 11.5 10.2

1984 255,597 47,921 57,863 29,467 28,396 22.6 11.5 11.1

1985 259,467 49,230 61,162 30,442 30,720 23.6 11.7 11.8

1986 268,404 51,545 66,224 32,761 33,463 24.7 12.2 12.5

1987 273,434 53,780 70,384 35,013 35,371 25.7 12.8 12.9

1988 278,167 55,768 74,727 36,781 37,946 26.9 13.2 13.6

1989 286,619 57,921 79,151 38,314 40,837 27.6 13.4 14,2

Physical sciences

1972 22,253 7,617 6,651 5,559 1,092 29.9 25.0 4.9

1973 21,060 6,346 6,305 5,079 1,226 29.9 24.1 5.8

1974 21,267 6,157 6,395 5,299 1,096 30.1 24.9 5.2

1975 21,916 6,210 6,441 5,487 954 29.4 25.0 4.4

1976 22,252 6,400 6,789 5,686 1,103 30.5 25.6 5.0

1977 22,505 6,628 6,810 5,770 1,040 30.3 25.6 4.6

1978 21,516 6,943 NA NA NA NA NA NA

1979 22,535 7,496 7,806 6,512 1,294 34.6 28.9 5.7

1980 22,918 7,707 8,340 6,980 1,360 36.4 30.5 5.9

1981 23,308 7,956 8,607 7,271 1,336 36.9 31.2 5.7

1982 24,040 7,713 8,768 7,095 1,673 36.5 29.5 7.0

1983 25,205 8,126 9,145 7,471 1,674 36.3 29.6 6.6

1984 25,852 8,640 9,628 7,807 1,821 37.2 30.2 7.0

1985 26,669 8,821 10,284 8,065 2,219 38.6 30.2 8.3

1986 27,764 9,523 10,994 8,665 2,329 39.6 31.2 8.4

1987 28,414 9,717 11,558 8,873 2,685 40.7 31.2 9.4

1988 28,574 9,857 12,056 8,968 3,088 42.2 31.4 10.8

1989 20,164 10,276 12,413 9,160 3,253 42.6 31.4 11.2

Mathematical and computer sciences

1972 13,273 2072, 1,344 847 497 10.1 6.4 3.7

1973 13,277 1,957 1,321 824 497 9.9 6.2 3.7

1974 13,755 1,581 1,414 828 586 10.3 6.0 4.3

1975 15,168 1,436 1,375 752 623 9.1 5.0 4.1

1976 15,700 1,481 1,528 795 733 9.7 5.1 4.7

1977 14,969 1,490 1,508 877 631 10.1 5.9 4.2

1978 13,733 1,471 NA NA NA NA NA NA

1979 15,521 1,654 1,642 1,005 637 10.6 6.5 4.1

(continued)
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Appendix table 5-25.
Full-time graduate students in science and engineering supported by research assistantships (RA), by source
and field: 1972-89
(page 2 of 4)

Total
Federal
support RA

Federal Non-Federal
RA support RA support

Total
RA support

Federal
RA support

Non-Federal
RA support

Mathematical and computer sciences

Number- Percent
1980 16,489 1,821 1,820 1,099 721 11.0 6.7 4.4

1981 17,599 1,804 1,858 1,055 803 10.6 6.0 4.6

1982 19,994 1,893 2036, 1,140 896 10.2 5.7 4.5

1983 21,651 1,890 2,206 1,193 1,013 10.2 5.5 4.7
1984 22,906 2,031 2,507 1,382 1,125 10.9 6.0 4.9

1985 25,934 2,573 3,074 1,551 1,523 11.9 6.0 5.9
1936 27,708 2,891 3,392 1,686 1,706 12.2 6.1 6.2

1987 28,640 3,175 3,948 2,142 1,806 13.8 7.5 6.3
1988 29,150 3,416 4,281 2,312 1,969 14.7 7.9 6.8

1989 29,818 3,614 4,506 2,330 2,17r 15.1 7.8 7.3

Mathematical sciences

1972 10,372 1,393 706 442 264 6.8 4.3 2.5

1973 10,339 1,222 668 373 295 6.5 3.6 2.9

1974 10,009 860 667 351 316 6.7 3.5 3.2

1975 10,695 693 629 300 329 5.9 2.8 3.1

1976 10,952 784 797 409 388 7.3 3.7 3.5
1977 10,365 786 784 403 381 7.6 3.9 3.7

1978 9,307 772 NA NA NA NA NA NA

1979 9,668 864 825 424 401 8.5 4.4 4.1

1980 9,902 868 784 421 363 7.9 4.3 3.7

1981 10,154 796 760 340 420 7.5 3.3 4.1

1982 10,823 818 845 377 468 7.8 3.5 4.3

1983 10,964 760 803 350 453 7.3 3.2 4.1

1984 11,319 762 872 411 461 7.7 3.6 4.1

1985 11,833 935 998 478 520 8.4 4.0 4.4

1986 12,398 999 1,038 538 500 8.4 4.3 4.0

1987 13,068 1,091 1,111 635 476 8.5 4.9 3.6

1988 13,554 1,190 1,227 666 561 9.1 4.9 4.1

1989 13,792 1,267 1,304 662 642 9.5 4.8 4.7

Computer sciences

1972 2,901 679 638 405 233 22.0 14.0 8.0

1973 2,938 735 653 451 202 22.2 15.4 6.9

1974 3,746 721 747 477 270 19.9 12.7 7.2

1975 4,473 743 746 452 294 16.7 10.1 6.6

1976 4,748 697 731 386 345 15.4 8.1 7.3

1977 4,604 704 724 474 250 15.7 10.3 5.4

1978 4.426 699 NA NA NA NA NA NA

1979 5,853 790 817 581 236 14.0 9.9 4.0

1980 6,587 953 1,036 678 358 15.7 10.3 5.4

1981 7,445 1,008 1,098 715 383 14.7 9.6 5.1

1982 9,171 1,075 1,191 763 428 13,0 8.3 4.7

1983 10,687 1,130 1,403 843 560 13.1 7.9 5.2

198/ 11,587 1,269 1,635 971 664 14.1 8.4 5.7

1985 14,101 1,638 2076, 1,073 1,003 14.7 7.6 7.1

1986 15.310 1,892 2.354 1,148 1,206 15,4 7.5 7.9

1987 15,572 2084, 2,837 1,507 1.330 18,2 9,7 8.5

1988 15,596 2,226 3,054 1,646 1,408 19.6 10.6 9,0

1989 16,026 2,347 3,202 1,668 1,534 20.0 10.4 9.6

(continued)
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Appendix table 5-25.
Full-time graduate students in science and engineering supported by research assistantships (RA), by source
and field: 1972-89
(page 3 of 4)

Total
Federal
support RA

Federal Non-Federal
RA support RA support

Total
RA support

Federal
RA support

Non-Federal
RA support

Environmental sciences

Number Percent

1972 7,210 2,619 2,398 1,666 732 33.3 23.1 10.2

1973 7,767 2,480 2,551 1,780 771 32.8 22.9 9.9

1974 8,335 2,561 2,665 1,941 724 32.0 23.3 8.7

1975 9,677 2,693 2,838 2,089 749 29.3 21.6 7.7

1976 10,219 2,964 3,196 2,287 909 31.3 22.4 8.9

1977 10,556 3,117 3,234 2,318 916 30.6 22.0 8.7

1978 10,012 3,169 NA NA NA NA NA NA

1979 10,724 3,523 3,587 2,706 881 33.4 25.2 8.2

1980 10,969 3,442 3,770 2,702 1,068 34.4 24.6 9.7

1981 11,038 3,010 3,469 2,402 1,067 31.4 21.8 9.7

1982 11,436 2,854 3,339 2,323 1,016 29.2 20.3 8.9

1983 12,049 2,874 3,545 2,348 1,197 29.4 19.5 9.9

1984 11,819 2,848 3,574 2,324 1,250 30.2 19.7 10.6

1985 11,439 2,960 3,723 2,410 1,313 32.5 21.1 11.5

1986 11,323 3,033 3,834 2,372 1,462 33.9 20.9 12.9

1987 10,543 2,868 3,660 2,251 1,409 34.7 21.4 13.4

1988 10,296 2,799 3,891 2,317 1,574 37.8 22.5 15.3

1989 10,088 2,842 4,124 2,394 1,730 40.9 23.7 17.1

Life sciences

1972 36,751 12,868 8,742 4,023 4,719 23.8 10.9 12.8

1973 40,830 12,563 9,461 4,292 5.169 23.2 10.5 12.7

1974 55,048 16,802 10,851 5,025 5,826 19.7 9.1 10.6

1975 63,513 17,594 11,322 5,373 5,949 17.8 8.5 9.4

1976 66,235 18,237 12,593 6,045 6,548 19.0 9.1 9.9

1977 68,828 19,465 13,077 6,172 6,905 19.0 9.0 10.0

1978 65,257 19,634 NA NA NA NA NA NA

1979 71,150 21,240 15,421 7,230 8,191 21.7 10.2 11.5

1980 72,409 21,317 15,910 7,634 8.276 22.0 10.5 11.4

1981 72,241 20,476 16,362 7,606 8,756 22.6 10.5 12.1

1982 70,254 18,389 16,251 7,287 8,964 23.1 10.4 12.8

1983 70,062 17,678 16,514 7,272 9,242 23.6 10.4 13.2

1984 70,597 17,787 17,602 7,400 10,202 24.9 10.5 14.5

1985 70,311 18,604 17,932 7,996 9,936 25.5 11.4 14.1

1986 71,285 19,014 19,257 8,571 10.686 27.0 12.0 15.0

1987 72,463 20,213 20,301 9,377 10,924 28.0 12.9 15.1

1988 74,168 20,807 21,654 10,069 11,585 29.2 13.6 15.6

1989 77,001 21,931 23,264 10,872 12,392 30.2 14.1 16.1

Psychology

1972 15,308 4,708 1,777 1,006 771 11.6 6.6 5.0

1973 15,191 4,166 1,930 913 1,017 12.7 6.0 6.7

1974 19,044 4,425 2,291 1,042 1 249 12.0 5.5 6.6

1975 24,109 4,330 2,213 1,006 1,207 9.2 4.2 5.0

1976 25,649 4,311 2,261 977 1,284 8.8 3.8 5.0

1977 25,710 4,261 2,312 1,039 1,273 9.0 4.0 5.0

1978 20,740 3,937 NA NA NA NA NA NA

1979 25,865 3,603 2,528 1,170 1,358 9.8 4.5 5.38

r .--
's ,

(continued)
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Appendix table 5-25.
Full-time graduate students in science and engineering supported by research assistantships (RA), by source
and field: 1972-89
(page 4 of 4)

Total
Federal
support RA

Federal
RA support

Non-Federal
RA support

Total
RA support

Federal
RA support

Non-Federal
RA support

Psychology

Number Percent-----------
1980 26,692 3,390 2,571 942 1,629 9.6 3.5 6.1

1981 26,725 3,055 2,890 1,036 1,854 10.8 3.9 6.9
1982 25,818 2,414 2,723 927 1,796 10.5 3.6 7.0
1983 26,701 2,141 2,962 944 2,018 11.1 15 7.6
1984 26,108 2,062 3,027 962 2,065 11.6 3.7 7.9
1985 25,769 2,057 3,082 1,017 2,065 12.0 3.9 8.0
1986 26,521 2,035 3,119 1,021 2098, 11.8 3.8 7.9
1987 27,426 2,052 3,231 1,078 2,153 11.8 3.9 7.9
1988 28,412 2,167 3,743 1,210 2,533 13.2 4.3 8.9
1989 30,221 2,208 3,900 1,271 2,629 12.9 4.2 8.7

Social sciences

1972 32,534 5,553 3,654 1,149 2,505 11.2 3.5 7.7
1973 32,551 4,765 3,996 1,147 2,849 12.3 3.5 8.6
1974 40,285 5,133 4,788 1,350 3,438 11.9 3.4 8.5
1975 48,293 4,656 4,830 1,403 3,427 10.0 2.9 7.1

1976 47,096 5,148 4,897 1,349 3,548 10.4 2.9 7.5
1977 47,729 5,360 4,925 1,399 3,526 10.3 2.9 7.4
1978 41,257 4,433 NA NA NA NA NA NA
1979 46,901 4,553 5,223 1,408 3,815 11.1 3,0 8.1

1980 47,271 4,296 5,298 1,447 3,851 11.2 3.1 8.1

1981 46,503 3,810 5,212 1,271 3,941 11.2 2.7 8.5
1982 44,437 3,235 4,883 971 3,912 11.0 2.2 8.8
1983 43,740 3,215 5,059 935 4,124 11.6 2.1 9.4
1984 42,776 2,963 5,180 916 4,264 12.1 2.1 10.0
1985 43,052 2,948 5,102 976 4,126 11.9 2.3 9.6
1986 43,077 2,670 5,138 BBB 4,250 11,9 2.1 9.9
1987 43,719 2,624 5,517 921 4,596 12.6 2.1 10.5
1988 44,089 2,691 5,634 925 4,709 12.8 2,1 10,7
1989 45,747 2,797 6,308 1,005 5,303 13.8 2.2 11,6

Engineering

1972 32,191 11,476 9,731 6,416 3,315 30.2 19.9 10 3

1973 31,226 10,468 10,380 6,554 3,826 33.2 21.0 12.3
1974 33,737 10,189 11,103 6,781 4,322 32.9 20.1 12.8

1975 37,813 10,263 10,987 6,935 4,052 29,1 18.3 10.7
1976 36,964 10,575 11,328 7,213 4,115 30.6 19.5 11 ,1

1977 37,565 10,637 11,877 7,550 4,327 31.6 20.1 11.5

1978 37,057 10,451 NA NA NA NA NA NA
1979 40,393 10,811 12,911 8,014 4,897 32.0 19.8 12.1

1980 43,107 11,191 14,007 8,548 5,459 32.5 19.8 12.7

1981 46,257 10,974 14,482 8,535 5,947 31.3 18.5 12.9

1982 50,239 11,095 14,701 8,577 6,124 29.3 17.1 12.2

1983 54,327 11,985 15,638 9,010 6,628 28.8 16.6 12.2

1984 55,539 11,590 16,315 8,676 7,669 29.4 15.6 13.8

1985 56,293 11,267 17,965 8,427 9,538 31.9 15.0 16.9

1986 60,726 12,379 20,490 9,558 10 ri32 33.7 15.7 18.0

1987 62,229 13,131 22,169 10,371 11,798 35.6 16.7 19.0
1988 63,478 14,031 23,468 10,980 12,488 37.0 17.3 19.7

1989 66,580 14,253 24,636 11.282 13,354 38.1 17.5 20.7

NA = not available

SOURCE: Science Resources Studies Division. National Science Foundation, Academic Science and Engineering: Graduate Enrollment and Support. Fall
1989. Detailed Statistical Tables. NSF 90-324 Final (Washington, DC: NSF, 1991).
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Appendix table 5-26.
U.S. and world scientific and technical articles, by field: 1973-87

Field 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

U.S. articles as percentage of all articles

Total 38.2 37.7 37.3 37.4 37.1 36.7 37.1 36.5 35.9 35.9 35.4 35.4 35.3 35.6 35,6

Clinical medicine 42.8 42,5 42.6 43.0 43.2 43,1 43.1 43.0 41.3 41.1 40.3 40.9 40.3 40.0 39.9

Biomedical research 39.2 38.4 38.6 38.8 39.1 38.7 40.5 39.7 39.5 39.7 39.3 39.5 37.8 38.4 38.2

Biology 46.4 45.7 44.7 44.2 41.7 41.7 42.7 42.0 37.6 38.4 37.6 37.2 37.5 38.1 37.3

Chemistry 23.3 22.2 21.7 21.8 21.7 21.1 21.2 20.8 20.0 21.2 20.3 20.6 21.0 22.2 22.2

Physics 32.7 33.5 32.4 31.2 30.5 30.8 30 0 30.1 28.6 28.1 27.8 27.3 29.4 30.3 30.1

Earth and space sciences 46.7 46.8 43.8 46.1 45.1 44.9 44.6 42.4 42.7 42.4 41.6 41.3 43.0 42.6 42.6

Engineering and technology 41.8 41.7 40.6 41.1 40.2 39.4 40.7 39.4 40.7 40.6 40.9 39.5 38.6 37.3 37.9

Mathematics 47.9 46.0 44.0 42.9 41.1 40.4 40.5 39.7 38.2 39.0 38.5 37.2 38.3 40.3 40.7

Number of U.S. articles

Total 103,778 100,066 97,278 99,970 97,854 99,207 99,377 98,394 132,278 133,622 132,413 131,111 137,771 137,770 134,497

Clinical medicine 32,638 31,691 31,334 32,920 33,516 34,966 33,975 34,612 48,072 48,530 48,055 48,735 50,595 50,637 49,904

Biomedical research 16,115 15,607 15,901 16,271 16,197 16,611 17,649 17,582 21,847 22,732 22,496 22,196 24,461 24,765 24,542

Biology 11.150 10,700 10,400 10,573 9,904 9,663 10,553 9,594 14,740 14,974 14,216 14,166 13,083 13,000 12,231

Chemistry 10,474 9,867 9,222 9,337 8,852 9,266 9,182 9,250 10,880 11,758 11,010 11,137 11,585 12,313 11,827

Physics 11,721 11,945 11,363 11,502 10,995 11,015 10,995 11,415 13,053 13,255 13,021 12,691 15,903 16,360 16,078

Earth and space sciences 5,591 5,371 4,975 5,537 5,197 5,043 5,167 4,832 7,257 7,057 6,862 6,748 7,663 7,811 7,797

Engineering and technology 11,955 11,088 10,431 10,346 10,081 9,694 9,018 8,461 12,486 11,619 13,105 11,976 10,822 9,775 9,225

Mathematics 4,134 3,797 3,652 3,484 3,112 2,949 2,838 2,648 3,943 3,697 3,648 3,462 3,659 3,109 2,893

Total number of articles

Total 271,512 265,130 260,908 267,354 263,700 270,126 267,954 269,557 368,934 371,760 373,549 369,930 389,846 387,028 378,313

Clinical medicine 76,209 74,509 73,485 76,599 77,597 81,207 78,827 80,533 116,371 118,186 119,325 119,094 125,532 126,463 124,975

Biomedical research 41,155 40,632 41,244 41,891 41,388 42,968 43,631 44,267 55,303 57,203 57,289 56,223 64,717 64,550 64,216

Biology 24,047 23,414 23,260 23,905 23,757 23,176 24,734 22,838 39,232 39,025 37,788 38,093 34,896 34,127 32,775

Chemistry 45.004 44,529 42.502 42,773 40,734 43,850 43,273 44,448 54,432 55,381 54,186 54,117 55,268 55,558 53,236

Physics 35,864 35,708 35,104 36,902 36,057 35,815 36,700 37,944 45,561 47,229 46,902 46,450 54,044 54,056 53,377

Earth and space sciences , 11.977 11,479 11,356 12,011 11,531 11,224 11,596 11,395 16,991 16,660 16,508 16,334 17,834 18,351 18,285

Engineering and technology 28,617 26.600 25,664 25,146 25,063 24,588 22,182 21,459 30,710 28,602 32,073 30,310 28,004 26,201 24,344

Mathematics 8,639 8,259 8,293 8,127 7,573 7,298 7,011 6,673 10 , 334 9,474 9,478 9,309 9,551 7,722 7,105

r,r0TE.':i Articles written by researchers from more than one country are prorated
mit Oil be coretted as two-thirds of a U.S. article and one-third cf a French article

according to the number of author institutions
Data are based on more than 3,200 U.S. and

SOURCE CHI Research. Inc . Science & Engineenng lirdicators Literature Data Base, 1989, special tabulations.

in each country. For example, a paper authored by two U.S. scientists and one French scientist
foreign journals on the 1981 Science Citation Index Corporate Tapes.
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Appendix table 5-27.
Contribution of selected countries to world literature, by field: 1981 and 1987

Field
Total

articles

Total
European

United Community United West
States countries Kingdom Germany France USSR Japan Canada

1981

Percent
Total 368,934 35.9 26.3 8.3 7.3 5.0 8.0 6.8 3.9

Clinical medicine 116,371 41.3 28.9 9.8 7.0 5.2 3.3 5.1 3.4
Biomedical research 55,303 39.5 26.9 8.5 7.1 5.2 5.7 6.2 4.1

Biology 39,232 37.6 22.4 9.0 6.0 3.5 2.8 6.1 6.3
Chemistry 54,432 20.0 26.2 6.6 8.4 5.9 16.7 10.9 3.1

Physics 45,561 28.6 25.8 6.4 7.7 5.9 16.8 8.2 2.9
Earth and space sciences 16,991 42.7 22.8 8.5 4.9 4.6 10,0 2.3 5.2
Engineering and technology 30,710 40.7 22.9 8,5 7.6 3.3 7.6 9.2 4.2
Mathematics 10,334 38.2 26.2 6.1 11.0 5.6 7.6 4.3 5.1

1987

Total 378,313 35.6 26.5 8.0 6.8 4.8 7.3 7.6 4,4

Clinical medicine 124,975 39.9 28.9 10.0 6.2 4.5 2.8 6.7 4.1

Biomedical research 64,216 38.2 25.5 7,6 6.4 5.0 8.0 7.1 4.3
Biology 32,775 37.3 22.4 8.8 5.6 3.2 2 3 6.9 8.6
Chemistry 53,236 22.2 27.5 6,0 8.8 5.9 13.9 10.8 3.2
Physics 53,377 30.1 26.2 5.6 8.1 6.0 14.3 8.5 2.8
Earth and space sciences 18,285 42.6 22.6 7.3 4.6 4.8 7.1 3.5 6.8
Engineering and technology 24,344 37.9 22.5 7.5 7.6 3.4 5.6 10.1 5.1

Mathematics 7,105 40.7 28.6 8.6 6.7 5.0 4.8 3.6 4,5

NOTES: Articles written by researchers from more than one country are prorated according to the number of author institutions in each country. For
example. a paper authored by two U.S. scientists and one French scientist would be counted as two-thirds of a U.S. article and one-third of aFrench
article. Data are based on more than 1200 U.S. and foreign journals on the 1981 Science Citation Index Corporate Tapes.

SOURCE: CHI Research, Inc., Science & Engineering Indicators Literature Data Base, 1989, special tabulations.

See figure 0-18 in Overview. Science & Engineering Indicators 1991
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390 Appendix A. Appendix Tables

Appendix table 5-28.
Patents awarded to U.S. universities, by technology class: 1969-90
(page 1 of 7)

Technology class 1969-75 1976-80 1981-85 1986-90

Total 1,694 1,739 2,462 4,664

1 Unclassified 5 1 1 30

2 Apparel 0 1 4 3

4 Baths, closets, sinks, spittoons 0 1 0 0

5 Beds 1 1 0 2

8 Bleaching & dying; fluid treatment &
chemical modification of textiles & fibers. 1 3 3 2

15 Brushing, scrubbing & general cleaning . . 5 1 1 0

17 Butchering 0 0 0 0

19 Textiles, fiber preparation 0 1 0 0

23 Chemistry, physical processes 1 0 2 0

24 Buckles, buttons, clasps 0 0 0 2

27 Undertaking 0 0 0 1

29 Metal working 7 1 1 10

33 Geometrical instruments 0 2 2 2

34 Drying & gas or vapor contact with solids . 2 4 3 1

37 Excavating 1 1 1 0

40 Card, picture & sign exhibiting 0 1 0 1

43 Fishing, trapping & vermin destroying . , . 1 1 1 2

44 Fuel & related compositions 0 2 17 12

47 Plant husbandry 5 10 14 9

48 Gas, heating & illuminating 3 5 4 1

51 Abrading 4 4 0 3

52 Static structures, buildings 4 2 8 5

53 Package making 2 1 0 0

54 Harness 0 0 0 1

55 Gas separation 13 8 13 20

56 Harvesters 34 9 7 4

60 Power plants 6 6 8 7

62 Refrigeration 7 10 15 19

65 Glass manufacturing 6 2 1 12

70 Locks 0 0 1 1

71 Chemistry, fertihzers 5 8 8 26

72 Metal deforming 6 1 1 0

73 Measuring and testing 69 59 71 105

74 Machine elements & mechanisms 6 7 5 8

75 Metallurgy 8 9 10 14

76 Metal tools & implements - rraking 0 0 1 0

81 Tools 0 0 0 2

82 Turning 0 1 0 0

83 Cutting 4 0 1 1

84 Music 3 4 3 3

87 Textiles, braiding, netting, lace making. . 0 0 0 1

89 Ordnance 0 0 0 7

91 Motors, expansible chamber type 1 0 0 1

92 Expansible chamber devices 0 0 2 2

98 Ventilation 2 0 0 0

99 Foods & beverages - apparatus 1 2 3 1

100 Presses 2 1 1 1

101 Printing 2 0 0 0

102 Ammunition & explosives 0 1 0 1

104 Railways 10 1 2 6

(continued)
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Appendix table 5-28.
Patents awarded to U.S. universities, by technology class: 1969-90
(page 2 of 7)

Technology class 1969-75 1976-80 1981-85 1986-90

106 Compositions, coating or plastic 6 6 6 6

108 Horizontally supported planar surfaces 1 1 4 0

110 Furnaces 1 0 10 3

111 Planting 4 0 7 &

112 Sewing 0 0 0 1

114 Ships 1 1 1 0

116 Signals & indicators 1 0 0 1

118 Coating apparatus 5 3 4 5

119 Animal husbandry 5 6 7 19

122 Liquid heaters & vaporizers 1 0 1 4

123 Internal combustion engines 5 9 5 15

124 Mechanical guns & projectors 0 1 0 0

125 Stone working 0 0 0 1

126 Stoves & furnaces 2 16 13 3

127 Sugar, starch & carbohydrates 0 3 11 1

128 Surgery 68 67 110 224

131 Tobacco 4 2 0 4

132 Toilet 1 0 0 0

134 Cleaning & liquid contact with solids 0 4 7 4

135 Tents canopies umbrellas & canes 1 0 0 1

136 Batteries, thermoelectric & photoelectric . . 2 15 28 4

137 Fluid handling 1 '3 7 3 5

138 Pipes & tubular conduits 0 0 1 1

139 Textiles, weaving 0 0 1 0

141 Fluent materials handling with
receiver or receiver coating means 1 4 1 1

144 Woodworking 2 0 2 0

148 Metal treatment 2 11 11 15

149 Explosives & thermic compositions
& charges 1 0 0 0

156 Adhesive bonding & misc. chemical
manufacture 5 6 19 48

159 Concentrating evaporators 0 0 1 1

160 Closures, partitions & panels,
flexible & portable 0 0 1 0

162 Paper making & fiber liberation 0 1 3 4

164 Metal founding 3 3 5 4

165 Heat exchange 2 3 5 12

166 Wells 2 3 9 5

169 Fire extinguishers 0 0 1 0

171 Unearthing plants or buried objects 5 3 0 1

172 Earth working 0 7 1 0

173 Tool driving & impacting 1 0 1 2

174 Electricity conductors & insulators 2 3 0 3

175 Boring & penetrating earth 1 3 5 1

177 Weighing scales 1 0 0 2

178 Telegraphy 5 1 1 1

180 Motor vehicles 0 1 1 3

181 Acoustics 0 1
rJ 1

185 Motors, springs, weight &
animal powered 1 0 0 0

188 Brakes 3 2 1 0

194 Check actuated control mechanisms 1 0 0 1

198 Conveyors power driven 6 1 7 0

200 Electricity, circuit makers & breakers 1 0 0 5

(continued)
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Appendix table 5-28.
Patents awarded to U.S. universities, by technology class: 1969-90
(page 3 of 7)

Technology class 1969-75 1976-80 1981-85 1986-90

201 Distillation processes thermolytic 0 2 0 0
202 Distillation apparatus 1 0 0 1

203 Distillation processes separatory 0 2 3 rJ
204 Chemistry: electrical and wave energy. . . . 41 36 65 92

206 Receptacle or package, special 1 0 0 8

208 Mineral oils, processes & products 2 3 9 5

209 Classifying, separating & assorting solids. 19 9 12 19

210 Liquid purification or separation 27 32 34 59
211 Supports, racks 1 0 2 0
215 Bottles & jars 2 0 0 0

219 Electric heating 6 8 9 15

220 Receptacles 1 0 1 2

221 Dispensing, article 1 1 1 1

222 Dispensing 2 4 3 2

225 Severing by tearing, breaking 1 0 0 0
226 Advancing material of indeterminate

length 0 0 0 /
228 Metal fusion bonding 1 1 0 4

235 Registers 1 1 0 1

236 Automatic temperature & humidity
regulation 0 0 0 1

238 Railways surface track 0 0 2 0

239 Fluid sprinkling, spraying, diffusing 3 1 4 7

241 Sohd material comminution,
disintegration 7 1 2 5

242 Winding & reeling 2 1 0 3

244 Aeronautics 8 3 2 4

248 Supports 2 0 0 3

249 Molds, static 1 0 0 0

250 Radiant energy 38 54 46 117

251 Valves, valve actuation 2 1 0 5

252 Compositions 10 15 20 26
254 Appar itus, implements for applying

pushing, pulhng force 1 1 0 0

256 Fences 0 0 0 1

260 Chemistry, carbon compounds 5 6 5 7

261 Gas, liquid contact apparatus 1 0 2 0

264 Plastic & nonmetallic article shaping
and treating processes 9 18 19 31

266 Metallurgical apparatus 0 0 0 1

267 Device, spring 1 1 0 0

269 Work holders 0 1 1 1

272 Devices, amusement & exercising 1 0 3 12

273 Devices, amusement-games 1 5 0 3

277 Joint packing 0 0 0 5

279 Chucks. sockets 0 0 1 0

280 Vehicles, land 2 0 15 4

283 Printed matter 1 0 0 0

285 Pipe joints, couplings 1 0 0 0

289 Knots, knot tying 1 0 0 0

290 Dynamo plants, prime mover 1 2 2 0

292 Fasteners. closure 0 0 1 0

293 Vehicle fenders 1 0 0 0

294 Implements, handling-hand & hoist line 0 1 1 5

296 Vehicles, land-bodies & tops 0 2 1 0

(contii wed)
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Appendix table 5-28.
Patents awarded to U.S. universities, by technology class: 1969-90
(page 4 of 7)

393

Technology class 1969-75 1976-80 1981-85 1986-90

297 Chairs, seats 1 0 0 1

299 Mining, in situ disintegration
of hard material 2 1 1 2

307 Electrical transmission or
interconnection systems 30 13 8 13

310 Electrical generator or motor structure . . 28 8 10 18

312 Supports, cabinet structures 2 1 1 0

313 Electric lamp & discharge devices 4 6 1 3

315 Electric lamp & discharge
devices, systems 11 7 7 9

318 Electricity, motive power systems 9 5 5 4

320 Electricity, battery & condenser
charging & discharging 1 0 1 1

322 Electricity, single generator systems 0 1 2 2

323 Electricity, power supply or regulation systems 3 1 1 2

324 Electricity: measuring and testing 30 16 37 129

328 Electricity, misc. electron space
discharge device systems 3 2 4 5

329 Electr demodulators & detectors 3 0 0 0

330 Amplifiers 13 6 5 13

331 Electr - amplifiers 8 4 2 6

332 Electr - oscillators 3 0 1 1

333 Wave transmission lines & networks 12 14 9 10

335 Electr - modulators 3 1 0 5

336 Electr - wave transmission lines
& networks 2 0 0 0

338 Electr - tuners 6 2 1 5

340 Communications, electrical 18 8 7 18

341 Electr - magnetically operated switches
magnets & electromagnets 5 2 1 13

342 Electr - inductor devices 12 7 3 8

343 Communications, radio wave antennas 18 5 5 3

346 Electr - switches electrothermically or
thermically actuated 3 1 0 1

350 Optics, systems and elements 20 24 42 119

351 Electr - resistors 4 2 ')e_ 17

352 Electr - communications 1 0 0 2

353 Optics, image projectors 1 0 0 0

354 Photography 1 1 3 0

355 Photocopying 1 0 0 0

356 Optics, measuring and testing 19 24 31 86

357 Active solid state devices eg transistors,
solid state diodes 10 17 19 60

358 Pictorial communication; television 14 14 12 39

360 Info tech - dynamic magnetic info
storage & retrieval 10 5 1 3

361 Electr - electrical systems & devices 8 4 1 7

362 Electr - illumination 3 0 0 2

363 Electr - power conversion systems 3 8 7 12

364 Electrical computers and data
processing systems 32 26 36 137

(continued)



Appendix A. Appendix Tables

Appendix table 5-28.
Patents awarded to U.S. universities, by technology class: 1989-90
(page 5 of 7)

Technology class 1969-75 1976-80 1981-85 1986-90

365 Static information storage & retrieval 24 7 7 23

366 Agitating 1 4 2 2

367 Electr - communications-acoustic wave
systems & devices 11 6 0 9

368 Measuring: horology-time meas
sys & devices 4 1 0 1

369 Info tech - dynamic info storage
& retrieval 0 0 1 2

370 Electr - communications multiplex 3 2 2 13

371 Electr - error detection/correct and
fault detect/recovery 2 1 4 7

372 Coherent light generators 15 14 27 74

373 Heating - industrial electric furnaces 2 0 0 1

374 Measuring thermal meas & testing 1 6 9 14

375 Electr - communications, pulse or digital . 5 2 2 9

376 Nuclear - induced reactions systems
& elements 1 4 5 6

377 Electr pulse counters, dividers;
shift registers-circuits & systems 4 0 1 3

378 X-ray or gamma-ray systems or
devices 17 25 17 33

379 Nuclear - x-ray gamma ray sys, devices. . 1 0 1 8

380 Cryptography 0 3 6 2

381 Electrical audio signal processing and
systems and devices 6 7 12 18

382 Image analysis 1 1 5 14

384 Bearings 3 0 0 3

400 Typewriting machines 0 0 1 1

403 Joints & connections 0 2 0 1

404 Road structure process, apparatus 0 0 0 2

405 Earth, hydraulic engineering 6 2 6 6

406 Conveyors, fluid current 3 5 3 1

407 Cutters for shaping 0 0 0 2

409 Gear cutting, milling, planing 1 1 1 0

414 Handling, material/article 5 5 4 10

415 Motors, pumps-rotary kinetic fluid 0 2 1 0

416 Fluid reaction surfaces-impellers 0 1 1 0

417 Pumps 2 10 4 7

418 Expansible chamber devices-rotary . . . . . . 5 0 0 0

419 Powder metallurgy-processes 1 0 2 5

420 Compositions-alloys or metallic
compositions 6 1 5 5

422 Process disinfecting, deodorizing, preserving
or sterilizing & chemical apparatus 9 12 14 39

423 Chemistry, inorganic 37 30 26 31

424 Drug, bio-affecting and body treating
compositions 52 69 137 261

425 Plastic or earthenware article shaping,
treating apparatus 1 1 4 4

426 Food or edible material: processes,
compositions and products 31 31 38 35

427 Coating processes 8 10 15 62

428 Stock material or miscellaneous articles. . 13 14 31 48

429 Chemistry, electrical current producing
apparatus, product & process 5 12 22 17

430 Radiation imagery chemistry-process,
composition or product 3 4 9 20

(continued)
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Appendix table 5-28.
Patents awarded to U.S. universities, by technology class: 1969-90
(page 6 of 7)

395

Technology class 1969-75 1976-80 1981-85 1986-90

431 Combustion 2 1 1 3

432 Heating 0 1 3 0

433 Dentistry 4 10 3 17

434 Education & demonstration 21 4 4 8

435 Chemistry; molecular biology
and microbiology 58 84 192 446

436 Chemistry; analytical and immunological
testing 23 56 72 65

437 Semiconductor device manufacturing,
process 5 14 26 50

439 Electr - connectors 0 0 1 4

440 Propulsion-marine 0 0 0 1

445 Electrical lamp etc 1 0 1 0

449 Bee culture 0 0 1 0

452 Butchering 4 1 2 0

455 Telecommunications 10 4 6 5

460 Crop threshing, separating 7 2 1 0

474 Rotary shafts etc. & flecible couplings for . . 0 0 0 3

494 Imperforate bowl, centrifugal separators. . . 0 0 1 0

501 Compositions-ceramic 0 5 6 21

502 Catalyst, solid sorbent, or support therefor,
product or process of making 2 8 11 22

503 Record receiver with plural leaves or
colorless color former 1 0 0 0

505 Superconductor technology-apparatmat;
process 0 0 0 25

514 Drug, bio-affecting and body treating
compositions 46 119 225 464

518 Chemistry- F/T processes; puri/recov
of products 0 0 1 1

521 Synthetic resins or nat rubbers-
cf class 520 series 10 8 5 5

522 Synthetic resins or nat rubbers-
cf class 520 series 1 3 1 4

523 Synthetic resins or nat rubbers-
cf class 520 series 3 3 6 6

524 Synthetic resins or nat rubbers-
cf class 520 series 7 4 3 8

525 Synthetic resins or natural rubber-
part of class 520 series 4 21 24 38

526 Synthetic resins or nat rubbers-
cf class 520 series 4 5 3 19

527 Synthetic resins or nat rubber .3-
cf class 520 series 1 0 2 1

528 Synthetic resins or natural utter-
part of class 520 series 20 13 6 30

530 Chemistry; peptides or proteins;
lignins or reaction products thereof 9 14 79 117

534 Organic ^ompounds - cf class
532-570 series 4 5 2 9

536 Organic compo'inds - part of class
532-570 series 19 23 35 65

540 Organic compounds-part of class
532-570 series 8 13 11 36

544 Organic compounds - cf class
532-570 series 5 4 9 20

(continued)
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Appendix table 5-28.
Patents awarded to U.S. universities, by technology class: 1969-90
(page 7 of 7)

Technology class 1969-75 1976-80 1981-85 1986-90

546 Organic compounds-part of class
532-570 series 15 23 9 29

548 Organic compounds-part of class
532-570 series 4 14 10 24

549 Organic compounds-part of class
532-570 series 8 28 37 40

552 Organic compounds - cf class
532-570 series 25 25 31 15

556 Organic compounds-part of class
532-570 series 10 7 13 26

558 Organk, ...,mpounds-part of class
532-570 series 6 5 8 12

560 Organic compounds-part of class
532-570 series 12 20 16 13

562 Organic compounds-part of class
532-570 series 10 8 5 9

564 Organic compounds - cf class
532-570 series 7 7 5 10

568 Organic compounds-part of class
532-570 series 19 23 14 15

570 Organic compounds - cf class
532-570 series 2 0 1 3

585 Chemistry-hydrocarbons 4 6 6 14

600 Surgery 5 5 11 13

604 Surgery 7 11 36 78
606 Surgery 14 8 21 54
623 Prosthesis, parts thereof or aids and

accessories therefor 21 14 22 54
800 Multicellular living organisms or parts 1 1 3 2

SOURCF: TAF Report, U.S. Universities, U.S. Patent and Trademark Office. July 1991.

See figure 5-14. Science & Engineering Indicators 1991



Appendix table 5-29. 1 co
1 (3.

Patents awarded to the 100 academic institutions with the greatest R&D volume: 1969-90
(page 1 of 3,) ! g

Total
1969-90 1969-71 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

ALL ACADEMIC PATENTS 10,559 630 237 258 249 320 357 363 367 262 390 436 457 433 551 585 670 817 805 1,217 1,155

Patents to top 100 R&D performers. . 8,399 476 181 189 180 242 281 285 289 199 290 335 360 343 416 453 521 682 671 1,022 984

Massachusetts Institute of Technology . 1,109 94 28 40 37 44 59 39 53 43 44 66 51 47 47 35 45 63 63 101 110

University of California 752 59 16 25 22 17 22 25 23 1 2 38 42 48 46 42 54 67 60 81 62

California Institute of Technology 428 29 17 14 15 27 18 16 18 12 26 16 19 16 15 16 23 27 18 56 30

Stanford University 415 3 3 6 7 16 19 18 10 4 11 10 4 16 36 38 33 48 54 43 36

Universit, of Wisconsin 338 15 12 13 8 17 20 25 13 7 28 26 17 13 16 17 17 11 20 27 16

Iowa State University 332 42 11 14 20 15 14 15 12 8 12 12 15 10 14 21 9 15 15 28 30

University of Minnesota 258 15 9 6 4 5 3 5 6 7 6 12 10 5 6 11 16 28 26 40 38

Cornell University 243 11 1 2 3 5 10 10 10 7 11 8 6 10 14 20 13 30 16 22 34

University of Texas 222 0 0 0 0 0 0 1 2 0 1 6 7 5 8 20 25 21 21 51 54

Johns Hopkins University 214 9 7 5 4 10 3 9 10 4 6 9 8 6 10 15 18 18 21 27 15

Purdue University . . ........... . 204 16 10 4 1 13 15 12 6 4 13 15 11 11 14 18 9 4 2 11 15

University of Utah 198 15 8 3 2 5 7 6 12 17 12 7 14 15 9 11 7 12 9 13 14

University of Illinois . 189 17 7 8 9 9 14 11 11 6 10 8 7 8 8 10 12 4 9 15 6

Ohio State University 176 38 12 8 3 4 7 9 8 0 3 4 5 8 3 10 5 12 14 13 10

Unwersity of Honda 153 0 0 1 1 2 2 0 1 3 7 4 0 6 10 7 10 13 21 33 32

State University of New York 112 o 0 0 0 0 0 0 0 0 1 2 8 2 11 5 11 18 10 25 19

Georgia Institute of Technology 112 6 0 3 5 1 1 2 2 5 3 7 8 3 6 11 9 9 7 8 16

University of Michigan . 109 0 0 0 4 0 2 8 2 4 4 1 2 2 1 1 10 6 14 23 25

Harvard University 105 0 0 0 0 0 0 1 2 0 4 3 11 10 7 1 2 9 17 15 23

University of Rochester 100 o o o o 0 4 2 4 0 6 7 8 9 6 2 8 9 11 11 13

University of Southern California 98 o 0 2 3 4 5 6 15 6 7 2 5 1 7 5 5 4 7 8 6

Northwestern University 91 12 0 2 1 0 0 2 7 5 7 1 7 3 2 2 8 10 10 7 5

University of Kentucky 86 8 2 3 6 0 0 1 3 2 5 4 6 6 7 5 7 4 7 6 4

University ol Iowa 78 2 0 0 0 0 3 3 2 5 4 4 5 3 4 1 8 8 6 8 12

University of Viiginia 78 0 0 1 3 0 3 7 8 6 1 3 8 4 2 1 4 3 4 8 12

University of Pittsburgh 75 0 0 0 0 0 0 0 0 2 6 3 2 5 8 3 8 10 6 11 11

Indiana University 72 24 5 2 0 1 4 4 7 2 2 1 0 3 2 4 0 3 1 6 1

Columbia University 72 o o o o o o o o o o o 0 2 3 4 7 6 15 19 16

Univemity of Missouri 72 0 0 0 2 3 5 0 6 4 1 2 9 5 4 0 3 8 9 5 6

University of Pennsylvania 71 4 1 2 2 1 2 5 5 3 1 1 1 2 4 5 1 2 1 9 19
. _.

(continued)



Appendix table 5-29.
Patents awarded to the 100 academic institutions with the greatest R&D volume: 1969-90
(page 2 of 3)

Total
1969-90 1969-71 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

New York University 70 4 2 3 0 2 0 0 0 0 3 1 7 3 4 5 3 5 4 10 14

University of Tennessee 68 8 1 0 1 0 0 0 0 0 0 1 1 0 1 5 8 8 8 12 14

Duke University 62 2 1 1 1 1 0 0 0 0 2 1 3 3 6 4 6 4 9 11 7

Boston University 60 0 0 0 0 0 0 2 1 0 3 2 1 2 2 3 6 9 9 9 11

Kansas State University 58 2 4 3 3 5 3 2 1 3 3 2 2 4 3 2 4 4 3 4 1

Michigan State University 56 0 2 1 0 0 4 0 2 1 2 1 1 3 3 3 10 6 8 2 7

Texas A&M University 55 0 0 0 0 0 0 0 0 1 0 3 3 2 3 8 3 6 9 8 9

Rockefeller University 55 0 0 0 0 0 0 1 0 1 0 3 3 1 3 5 4 9 11 6 8

Baylor University 52 0 0 0 0 1 3 4 1 1 1 3 3 2 2 3 2 7 3 8 8

Yale University 52 0 0 0 0 0 0 1 0 0 0 0 0 2 2 5 3 12 6 11 10

Oregon State University 50 0 0 0 0 0 3 1 1 2 0 4 1 3 4 4 4 6 3 11 3

North Carolina Slate University 50 0 0 0 0 0 0 0 0 1 0 4 1 0 2 3 4 6 5 10 14

Washington University 49 2 0 0 1 2 1 1 0 0 3 1 0 1 1 3 1 7 6 12 7

University of Alabama 48 1 0 1 0 0 1 4 4 2 3 2 3 1 1 5 3 5 3 3 6

University of Miami 48 0 0 0 0 3 1 0 1 0 2 2 2 0 4 4 3 15 5 5 1

Wayne State University 47 0 0 0 0 0 0 0 0 0 0 0 2 1 0 1 5 6 7 16 9

University of Washington 40 0 0 1 0 2 2 1 2 2 0 0 7 2 3 1 2 1 5 3 6

Oklahoma State University 40 10 3 3 1 2 2 2 0 1 1 0 1 0 1 2 2 0 2 3 4

Case Western Reserve University 38 6 2 2 3 0 4 3 0 1 1 1 0 0 1 1 6 3 1 1 2

City University of New York 37 3 1 2 1 1 0 2 1 0 1 5 4 3 2 1 2 1 3 2 2

University of Georgia 37 0 0 0 0 0 0 1 0 0 0 0 0 7 7 5 6 3 0 3 5

University of Arizona 35 0 0 0 0 0 0 0 2 1 2 1 1 2 2 2 2 2 0 8 10

University of Cincinnati 35 0 0 0 1 0 1 0 0 0 0 0 0 0 2 2 1 8 3 8 9

University of Nebraska 35 0 1 0 2 5 0 1 1 0 1 5 4 0 5 1 1 1 4 0 3

Louisiana State University 34 1 0 1 0 0 0 3 2 0 1 2 0 1 1 1 1 3 4 9 4

Yeshiva University 34 2 1 1 0 3 2 0 0 1 2 0 3 0 1 4 1 6 1 5 1

Vanderbilt University 31 0 0 0 0 1 1 0 2 0 1 1 2 1 0 0 5 4 4 4 5

Clemson University 31 0 2 0 0 0 0 1 0 4 1 0 0 0 2 2 1 3 3 6 6

Georgetown University 31 1 2 0 0 0 0 2 0 0 0 2 1 4 5 1 0 4 3 1 5

Carnegie-Mellon University 31 1 0 0 1 1 2 1 4 1 0 0 0 0 3 3 3 1 2 5 3

(continued)
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Appendix table 5-29.
Patents awarded to the 100 academic institutions with the greatest R&D volume: 1969-90

(page 3 of 3)

g)
rez
2
Sio

ri1z
toTotal

1969-90 1969-71 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 :1988 1989 1990 z'

1$

University of Chicago 29 0 0 0 0 2 0 3 1 2 1 0 0, 0 2 0 0 1 6 7 2

Washington State University 28 1 0 1 0 0 0 0 1 2 2 1 3 2 0 2 2 2 1 5 3
I 5-

University of New Mexico 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 1 3 9 9 cl.
2

University of Medicine and Dentistry of NJ 27 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 4 7 2 4 7
FS

University of North Carolina 26 1 1 0 0 1 0 0 0 0 1 0 0 1 0 0 3 2 2 6 8

University of Oklahoma
University of Kansas

25
24

1

3

0
1

0
2

1

0
0

2

0
2

0
0

0

0

0
0

0
2

1

1

1

0

1

2

1

2

3

1

2

0

2

2

6
0

2
1

4 i

3 ro
i (o

University of Hawaii 22 0 0 0 0 1 0 1 1 1 2 0 1 1 0 2 0 1 3 2 6 1 '

Princeton University 21 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 2 1 12 4

University of Connecticut 20 1 1 0 0 0 0 0 1 0 1 1 0 0 0 1 1 2 1 2 8

Rutgers. The State University 19 0 0 0 0 1 2 0 0 0 0 0 0 1 1 0 2 2 7 2

Utah State University 19 0 1 0 1 0 0 1 0 0,_ 2 0 0 0 1 3 2 2 1 1 2

Colorado State University 18 1 3 0 0 1 0 0 0 0 1 0 0 0 0 1 3 4 2 0 2

University of Colorado 18 1 0 0 0 2 1 1 0 0 0 0 0 0 0 0 0 1 0 3 9

Tulane University of Louisiana 16 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 1 3 4 4

Vsrginia Polytechnic Institute 16 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 7 4

University of Maryland 15 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 3 2 2 1 4

Tufts University 14 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 2 7 1

Brown University 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 1 3 3

Emory University 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 7 3

Uniyei ;ity of Massachusetts 11 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 1 3 3

Auburn University 10 1 0 0 0 0 1 1 1 0 1 1 0 0 0 1 1 0 0 0 2

Honda State Univers ty 9 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 2 2 1 1 1

Pennsylvania State University.
New Mexico State University. . .

8

6

0

0

0

0

0

0

0

0

1

1

0

0

1

0

0
0

0
0

0
0

0

0

0
0

0
2

0

0

0

0 1

1

2

1

0

1

0

3
0

Woods Hole Oceanographic Institute . . 6 1 1 1 0 1 0 0 0 1 0 0 U 0 0 0 0 1 0

Mississippi State University
Arirona State University

4

4

0

0

1

0

2

0

1

0

0

0

0

0

0
0

0
0

0
0

0
0

0
0

0

0

0

0

0

0

0

0 1

0
0

0
0

0

2

Virginia Commoimealth University 2 0 0 0 0 0 0 0 0 1 6 0 0 0 0 0 0 0 1

NOUS ii;Hed 1997 R&D expenditures: not all WO institutions could be located in the TAF data base.

the Applied Physics taborak)ry

TAI Report. U S Universities. U.S. Patent and Trademark Office. July 1991,

s. figure 5-15
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Appendix table 6-1.
Real gross domestic product per capita, for selected countries: 1950, 1955,
and 1960-90

Canada France Italy Japan
South
Korea

United West
Sweden Kingdom Germany

1950 . . . 69.5 44.4 32.0 16.7 NA 59.5 61.1 35.8
1955 . . . 68.7 46.8 36.3 21.1 9.8 59.5 61.6 47.2

1960 . . . 72.1 54.5 45.3 29.8 9.7 67.1 66.7 61.5

1961 . . . 72.2 56.4 48.3 33.6 9.9 69.9 67.7 62.9
1962 . . . 73.2 57.0 49.2 34.3 9.5 69.9 65.4 62.7
1963 . . . 73.7 57.5 50.3 36.6 9.8 71.4 66.0 62.3
1964 . . . 74.3 58.4 49.4 39.5 10.1 72.9 66.4 63.3
1965 . . . 74.4 58.0 48.4 39.3 10.0 71.7 64.6 63.1

1966 . . . 74.5 57.8 48.7 41.2 10.4 69.3 62.6 61.4
1967 . . . 74.0 59.0 51.0 44.4 10.6 69.9 62.9 60.1

1968 . . . 74.5 59.3 52.4 48.0 11.2 69.9 63.3 61.3
1969 . . , 76.2 62.0 54.4 52.4 12.3 71.8 62.9 64.3

1970 . . . 78.2 65.9 57.8 57.6 13.2 76.8 65.2 67.9
1971 . . . 80.5 67.5 57.5 58.6 14.1 76.0 65.7 68.2
1972 . . . 81.2 67.3 56.5 60.3 14.0 74.6 64.7 68 .1

1973 . . . 83.2 67.7 57.8 61.1 15.2 74.5 67.0 68.4
1974 . . . 87.0 70.5 61.6 60.8 16.5 77.9 67.4 69.6
1975 . . . 89.8 71.4 60.8 63.1 17.8 81.2 68.4 70.3
1976 . . . 90.6 71.4 62.1 62.6 19.1 78.8 68.3 71.7
1977 . . . 89.6 70.9 62.0 62.7 20.1 74.6 66.7 71.4
1978 . . . 89.1 70.1 61.3 62.6 21.1 72.7 66.4 70.7
1979 . . . 90.8 71.4 64.2 64.9 22.1 74.7 67.2 72.9

1980 . . . 92.2 73.2 67.7 67.6 21.4 76.8 66.7 74.4

1981 . . . 93.6 72.9 67.3 68.9 22.4 76.0 65.4 73.7
1982 92.9 77.1 69.7 73.2 24.2 79.6 68.7 75.7
1983 92.5 75.2 68.3 72.6 25.7 78.8 69.4 75.1

1984 92.1 71.6 66.0 71.0 26.2 77.3 66.4 73.1

1985 93.3 70.8 65.8 72.2 27 0 76.8 66.9 72.8

1986 93.9 70.9 66.3 72.2 29.5 76.9 68.1 72.9
1987 94.2 70.3 66.6 72.9 32.0 76.8 69.2 72.1

1988 94.0 70.5 66.9 74.6 34.1 75.6 69.4 71.8
1989 94.2 71.9 67,8 76.6 35.4 75.6 69.4 72.3

1990 . . 93.9 73.7 69.0 80.7 38.1 75.3 69.8 74.5

NA = not available

NOTES: Output based on Organisation for Economic Cooperation and Development price weights to
enable cross-country comparisons. Index: United States = 100.0.

SOURCE: Bureau of Labor Statistics, unpublished tabulations.

See figure 6-1. Science & Engineering Indicators - 1991



Appendix table 6-2. ! g)

Global production of manufactured products, by selected countries: 1980-90
rt.; z

; (-)

1980 1981 1982 1983 1984 1985 1986 1987

1988
(est.)

1989
(est.)

.

1990 ;

(est.)

rti
00

IIIz
(la
z'
cti
co
z.z

(laTotal manufactures
United States 1,430,747 1,435,326 1,344,149 1,399,916

Millions of constant 1980 dollars

1,542,762 1,547,177 1,561,688 1,685,110 1,769,769 1,809,062 1,815,580

Japan
West Germany

796,676
516,797

814,486
515,167

843,104
520,975

895,261
537,401

957,703
581,057

1,043,767
636,783

1,018,609
637,013

1,065,679
629,509

1,105,732
651,060,

1,224,983
684,896

1,279,649 ;

714,699

"S
. cl
, rS

France 322.494 313,581 323,348 328.541 342,960 377,864 377,704 379,183 397,797 417,814 424,220 ; ..d

United Kingdom . . . . 311,322 284,324 289,596 303,221 331,034 351,554 349,332 371,496 406,626 425,265 430,881 t

Italy 201,452 202,271 198,030 209,718 227,159 230,267 239,853 247,278 252,985 259,487 263,150

FC-12 1,611,308 1,571,914 1,595,714 1,688,731 1,807,951 1,941,680 1,943,146 1,973,268 2,065,127 2,209,208 2,246,410

Europe 1,842,598 1,805,957 1,833,324 1,934,293 2,067,593 2,219,306 2,232,253 2,261,077 2,354,217 2,501,518 2,531,327

OECD 4,265,013 4,257,110 4,209,318 4,432.237 4,786,448 5,054,011 5,063,814 5,264,009 5,487,951 5,808,597 5,922,903

High-tech manufactures
United States 286,239 296.433 301,567 320,752 378,567 395,288 421,981 469,626 507,279 534,818 552,231

Japan 130,154 147,610 158,132 183,491 232.905 257,099 268.419 313,916 363,772 422,216 449,442

West Germany . . 83,262 88.174 91,754 100,589 113,293 130,157 132,259 131,740 138,656 140,793 145,143

krance 43,971 45.723 47,452 49,060 52,945 59,272 59,915 61,061 64,448 69,693 71,607

United Kingdom 57,388 60,779 63,409 68.332 79,017 89,242 92,206 102,634 112,624 125,326 130,753

Italy 27,798 27,796 26,231 28,017 31,589 31,461 36,170 38,771 43,067 43,116 42,776

EC-12 249,036 261,304 268,113 294,528 333,749 373,748 385,980 401,511 431,516 445,066 449,214

Europe 272,458 285,925 294,932 322,743 364,216 408,749 424,339 440.300 471,545 481,179 483,123

OECD 708,162 750,462 775,515 849,263 999,522 1,088,661 1,145,111 1,252,843 1,371,023 1,484,959 1,537,395

Other manufactures
United States 1,144.508 1,138,893 1,042,582 1,079,164 1,164,194 1,151,889 1,139,707 1.215.484 1,262,490 1,274,245 1,263,349

Japan 666,521 666,876 684,972 711,770 724,798 786,669 750,190 751,762 741.960 802,767 830,208

West Germany 433,535 426,993 429.222 436,811 467,764 506,626 504,754 497. /69 512,404 544,103 569,556

France 278,524 267,858 275,896 279,481 290,015 318,592 317,789 318.122 333,349 348,121 352,612

; Inited Kingdom 253,934 223,545 226,187 234,889 252,017 262,312 257,127 268,862 294,001 299.938 300,128

Italy 173,654 174,475 171,799 181,701 195,570 198,807 2C ,683 208,507 209,918 216,370 220,374

1.362.272 1.310,610 1,327,601 1 394,203 1,474,201 1,567 932 1,557,166 1,571,757 1,633,611 1,764,142 1,797,196

Europe 1,570,140 1,520.032 1,538.392 1,611.549 1,703.376 1,810,557 1,807,913 1 820,777 1,882,672 2,020,338 2,048,203

OECI 3,556,850 3,506,648 3.433,803 3,582,974 3,786,92e 3,965,350 3,918,703 4.011,166 4,116,928 4,323,637 4,385,509

0011: lumpy includes the 12 countries of the European Community (EC-12) plus Austria. Finland, Norway. Sweden, and Switzerland.

Sollfict. Special I ulations developed by Data Hosources, Inc.iMcGraw-Hill from the Organisation for Economic Cooperation and Development's (OECD's) Industrial Structure Statistics and Series C Trade Data.

Science iN Engineering indicators 1991
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Appendix table 6-3.
Country share of global market for high-tech manufactures, by industry: 1980-90
(page 1 of 3)

1988 1989 1990

1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est.) (est.)

Percent
H1GH-TECH MANUFACTURES

United States 40.4 39.5 38.9 37.8 37.9 36.3 36.9 37.5 37.0 36.0 35.9
Japan 18.4 19.7 20.4 21.6 23.3 23.6 23.4 25.1 26.5 28.4 29.2
West Germany 11.8 11.7 11.8 11.8 11.3 12.0 11.5 10.5 10.1 9.5 9.4
France 6.2 6.1 6.1 5.8 5.3 5.4 5.2 4.9 4.7 4.76 4.7
United Kingdom 8.1 8.1 8.2 8.0 7.9 8.2 8.1 8.2 8.2 8.4 8.5
Italy 3.9 3.7 3.4 3.3 3.2 2.9 3.2 3.1 3.1 2.9 2.8

EC-12 35.2 34.8 34.6 34.7 33.4 34.3 33.7 32.0 31.5 30.0 29.2
Europe 38.5 38.1 38.0 38.0 36.4 37.5 37.1 35.1 34.4 32.4 31.4

Industrial chemicals
United States 32.7 33.1 29.8 29.2 28.0 25.8 28.5 31.4 31.2 32.2 32.5
Japan 16.1 14.4 15.3 14.0 14 1 13.4 12.1 13.1 12.7 13.4 14.1

West Germany 16.2 16.9 17.9 19.1 19.5 20.4 20.4 18.5 18.7 18.8 18.4

France 5.0 5.2 5.8 5.5 5.1 5.3 5.3 4.9 5.0 5.1 4.8
United Kingdom 8.8 8.4 9.0 9.4 9.7 10.1 9.5 9.2 9.2 9.3 9.1

Italy 5.1 5.2 4.4 4.4 4.9 4.9 4.3 4.3 4.3 4.3 4.0

EC-12 43.0 44.3 45.8 48.1 49.6 52.0 49.9 46.5 47.2 45.9 44.3

Europe 47.9 49.1 51.2 53.3 54.8 57.6 56.0 52.2 52.8 51.3 50.4

Drugs and medicines
United States 29.6 29.6 30.3 30.3 30.4 30.0 30.4 31.4 31.4 30.8 29.2

Japan 21.2 21.7 22.1 22.0 21.2 20.7 20.4 19.9 20.1 20.1 20.3
West Germany 13.1 13.1 12.5 12.5 12.7 12.3 12.1 11.4 11.5 11.4 10.9

France . 5.6 5.3 4.7 4.4 4.3 4.0 3.8 3.6 3.8 4.0 3.9

United Kingdom 9.3 8.8 9.1 8.8 9.1 9.0 9.2 9.4 9.6 10.0 9.9

Italy 5.5 5.4 5.6 5.4 6.1 6.5 5.8 5.7 6.2 6.3 6.2

EC12 40 7 40.3 39.1 38.9 39.8 39.8 38.6 38.1 39 0 39.5 39.0

Europe 46.0 45.6 44.6 44.6 45.4 45.9 45.7 45.0 45.7 46.3 47.5

Engines and turbines
United States 44 2 37.9 35.0 33.0 35.4 34.8 35.4 35.4 35.8 35.2 34.9

Japan 18.4 16.1 17.9 18.8 18.0 17.0 14.9 15.7 15.5 15.8 15.3

West Germany 11.3 9.9 9.0 9.4 10.3 11.2 10.9 11.2 10 7 10.8 11.6

France . 6.8 6.1 5.6 5.7 5.9 5.3 4.9 5.1 4.9 4.7 4.9

United Kingdom 6.8 18.3 20.5 18.3 17.1 19.7 21.9 20.9 21.4 22.6 22.3

Italy 4.2 3.7 3.1 4.9 5.5 3.4 3.2 3.1 3.0 2.9 3.0

EC-17 32.7 40 8 41.3 41.3 41.6 42.7 44.3 43.6 43.3 43.8 44.3

Europe 37.2 45.9 47.0 48.1 46.5 48.1 49.6 48.8 48.5 48.9 49.6 4
(continued)



Appendix table 6-3.
Country share of global market for high-tech manufactures, by industry: 1980-90
(page 2 of 3)

1988 1989 1990

1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est.) (est.)

Percent

Office and computing machinery
United States 50.0 49.0 49,1 45.2 44.0 39.6 37.8 38.1 37.3 35.6 34.8

Japan 22.0 23.0 24.0 27.2 27.5 30,2 30.8 31.8 33.3 34.6 37.5

West Germany 6.5 7.4 7.0 7.0 7.4 8.3 8.0 7.1 6.6 5.5 5.4

France 3.9 4.6 4.4 4.2 4.3 3.9 3.6 3.2 2.9 2.7 2.6

United Kingdom 6.0 4.7 4.9 5.3 5.8 6.9 6.5 7.4 8.1 8.1 8.1

Italy 2.1 1.9 1.6 1.8 1.7 1.3 3.2 2.9 3.1 2.4 2.3

EC-12 21.9 22.0 21.2 22.6 24.0 25.2 26.5 26.0 25.6 23.3 21.3

Europe 23.9 24.0 23.1 24.4 25.7 27.2 28.6 27.9 27.4 24.5 21.8

Radio, TV, & communication equipment
United States 36.6 34.8 35.0 34.0 33.8 32.9 32.8 32.3 31.5 29.9 30,6

Japan 26.4 30.5 30.7 32.2 35.5 34.0 33.0 36,5 39.3 42.9 42.0

West Germany 12.0 11.4 11.4 11.1 9.8 11.3 11.6 10,3 9.6 9.5 10.0

France 5.4 5.1 5.2 4.7 4.2 5.1 5.1 4.5 4.1 4.1 4.4

United Kingdom 7.1 6.5 6.5 6.6 6,5 6.4 6.4 6.2 6.0 5.9 5.2

Italy 2.2 1.9 1.9 1.9 1.5 1.4 1.6 1.6 1.5 1.5 1.5

EC-12 32.2 29.9 29.6 29.4 26.7 29.0 29.7 26.8 05.4 24.1 25.2

Europe 35.1 32.7 32.5 31.9 29.0 31.4 32.3 29.2 27.7 25.6 25.9

Aircraft
United States 57.6 56.4 56.6 55.8 58.7 57.9 59.5 58.7 59.2 56.4 55.9

Japan 2.2 2.4 2.3 2.4 2.5 2.9 2.5 2.8 3.2 3.6 3.6

West Germany 4.8 5.3 6.0 5.4 5.0 5.0 4.4 4.6 47 4.6 4.8

France 13.9 13.9 14.2 15.1 13.7 13.0 11.9 12.0 12.tI 13.9 13.7

United Kingdom 12.0 12.5 11.7 12.5 11.7 11.8 12.7 13.1 11.2 13.2 13.5

Italy 3.9 3.5 3.6 3.1 2.9 3.4 2.8 3.0 3.0 3.0 3.0

EC- 12 36.0 36.9 37.2 37.8 34 7 34,8 33.3 34.3 33.6 36.1 36.1

Europe 37.1 38.1 38.5 39.1 36.2 36.5 35.0 35.9 35.1 37.6 37.7

(continued)



Appendix table 6-3.
Country share of global market for high-tech manufactures, by industry: 1980-90
(page 3 of 3)

1988 1989 1990

1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est.) (est.)

Percent

Scientific instruments
United States 49.1 49.0 50.5 50.0 60.4 48.4 48.4 50.8 51.5 52.7 53.4

Japan 17.6 19.2 18.1 19.0 19.0 19.7 18.9 18.1 16.2 16.1 15.4

West Germany 11.4 10.8 10.2 9.8 9.8 10.8 11.1 11.1 11.4 10.8 11.1

France 4.4 4.1 4.2 4.4 4.4 5.4 5.5 5.6 5.8 5.9 6.1

United Kingdom 5.4 4.7 5.3 4.9 4.8 5.1 5.3 5.6 5.9 5.8 5.9

Italy 5.5 5.5 5.2 5.1 4.9 4.1 4.1 4.4 4.8 4.5 4.1

EC-12 28.9 27.4 27.1 26.9 26.6 27.5 28.2 28.4 29.7 28.6 28.6

Europe 30.8 29.3 29.0 28.8 28.7 29.9 30.6 30.4 31.6 30.5 30.5

NOTES Total shipments by OECD countries are used as a proxy for global output. Shares represent each country's shipments as a percentage of OECD shipments. Europe includes the 12 countries of the European

Community (EC-12) plus Austria. Finland, Norway. Sweden. and Switzerland.

SOURCE Special tabulations developed by Data Resources. Inc./McGraw-Hill from the Organisation for Economic Coc.,eration and Development's (OECD's) Industrial Structure Statistics and Series C Trade Data.

See figeres 62 arid 63 and figure 0-22 in Overview. Science & Engineering Indicators 1991

Appendix table 6-4
High-tech manufactures share of total manufacturing output, by country: 1980-90

1980 1981 1982 1983 1984 1985 1986 1987
1988
(est.)

1989
(est )

1990
(est.)

Percent

Ur uted States 20.0 20.7 22.4 22.9 24.5 25.5 27.0 27.9 28.7 29.6 30.4

Japan 16.3 18.1 18.8 20.5 24.3 24.6 26.4 29.5 32.9 34.5 35.1

West Germany 16.1 17.1 17.6 18.7 19.5 20.4 20.8 20.9 21.3 20.6 20.3

Frame 13.6 14.6 14.7 14.9 15.4 15.7 15.9 16.1 16.2 16.7 16.9

United Kingdom 18.4 21.4 21.9 22.5 23.9 25.4 26.4 27.6 27.7 29.5 30.3

Italy 13.8 13.7 13.2 13.4 13.9 13.7 15.1 15.7 17.0 16.6 16.3

CC- 12 15.5 16.6 16.8 17.4 18.5 19.2 19.9 20.3 20.9 20.1 20.0

OECD 16.6 17.6 18.4 19.2 20.9 21.5 22.6 23.8 25.0 25.6 26.0

NOTE' F-C .12 12 countries of the European Community.

SOURCF. Special tabulations developed by Data Resources. Inc /McGrawHill from Organisation for Economic Cooperation and Development's (OECD's) Industrial Structure Statistics and Series C Lade Data

Science & Engineering Indicators



Appendix table 6-5.
import share of domestic market, by industry: 1980-90

cn
c..)
(b.z
c.)
(I)

cit,

rriz
uzi
-S
(t)
(t)
raz

(La

*S-a
Zi
ro
ET
-4
(ti

1

1980 1981 1982 1983 1984 1985 1986 1987
1988
(est.)

1989
(est.)

1990
(est.)

HIGH-TECH MANUFACTURES
United States
Japan
West Germany
France
United Kingdom
Italy

Industrial chemicals
United States
Japan

Drugs and medicines
United States
Japan

Office and computing machinery
United States
Japan

Radio, TV, & communication equipment
United States
Japan

Aircraft
United Slates
Japan

Scientific instruments
United States
Japan . .

8.0
6.6

25.1

33.2
29.1

29.3

8 0
8.6

4.8

7.8

3.8
1.9

5.0
1.4

5 6
34.4

13,1

19.9

8.2
6.3

26.7
33.3
25.1
30.8

7.6
9.8

4.9
7.8

4.4
2.0

5.0
1.3

u 6
39.7

13.6
18.1

8.0
6.3

28 1
34.1

27.5
34.7

8.6
11.4

4.2
8.1

5.2
2.0

5.2
1.2

5.6
30.8

12.0
19.8

8.9
6.9

27.9
36.6
29.4
36.9

9.4
14.3

4.9
8.3

8.0
1 6

5.7
1.4

4.6
47.1

13.0
23.1

10.4

6.5
28.4
38.7
32.2
37.1

11.2
16.4

5.8
8.8

9.8
1.8

7.1

1.6

5.3
34.2

14.9

27.0

Percent

10.8

6.5
28.8
40.3
33.6
44.0

12.3
17.6

6.2
9.2

10.4
2.0

5.3
1.3

6.1

40.8

15.9
27.0

12.1

8.4
31.2
45.1
38.8
44.5

11.7
25.7

6.9
12.9

13.6
2.3

5.5
1.9

6.7
49.9

18.4
36.9

13.2

8.3
33.9
50.6
37.0
46.3

9.8

25.0

7.2

13.9

16.8

3.0

6.5
1.9

6.4
43.7

18.6
44.0

15.1

8,8
35.2
53.9
39.2
47.5

9.9
26,4

8.2
14.7

20.3
3.9

8.2
2.3

6.7
41.4

19.0
62.4

13.5
8.6

37.6
53.5
38.5
40.5

10.8
24.5

4.9
13.6

15.5
5.3

9 1

2.4

7.1

32.1

18.7
69.0

13.8
9.2

41.2
55.2
42,1

43.6

10.6
22.1

5.3
12.0

16.4

6.2

8.8
2.7

7.7

42.2

17.5
73.8

I;iicraal tabulations developed by Data Resources. Inc./McGraw-Hill from Organisation for Economii Cooperation and Development's Industrial Structure Statistics and Series C Trade Data.

;:we tirrirms 6-4 and 6-5. Science & Engineenng Indicators 1991
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Appendix table 6-6.
U.S. share of foreign markets for high-tech manufactures: 1980-90

1980 1981 1982 1983 1984 1985 1986 1987
1988
(est.)

1989
(est.)

1990
(est.)

Percent

High-tech manufactures 10.0 9.6 8.7 8.1 7.8 7.6 8,1 8.9 9.9 9.2 9.7

Industrial chemicals 5.9 51 5.2 4.7 4.9 4.5 5.2 5.6 5.8 6.7 6.2

Drugs and medicines 4.6 4.6 4.3 4.3 4.3 4.1 4.4 4.2 4.6 3.6 3.5

Engines and turbines 39.6 32.3 31.8 30.9 31.0 33.7 37.4 40.0 44.1 39.7 41.0

Office and computing machinery 10.8 10.8 10.1 9.7 9,7 8.9 9.0 10.6 12.3 9,4 9.5

Radio. TV, & comm. equipment 1.7 1.4 2.6 2.6 2.6 2.0 2.3 2.5 2.9 3.0 3.4

Aircraft 26.3 27.2 22.0 22.4 20.4 23.1 23,6 24.6 25.7 25.0 28.9

Scientific instruments 18.5 18.6 17.7 16.7 16.7 15.1 16.0 17.8 19.8 22.4 23.1

Other manufactures 4.8 4.9 4.2 3.7 3.7 3.3 3.3 3.7 4.6 4.7 5.1

NOTES: Foreign market size is calculated by subtracting U.S. apparent consumption of high-tech products from total Organisation for Economic Cooperation and Development shipments of same.The concept of foreign
market share differs from export market share by adding the home market shipments of non-U,S, producers to the denominator. Foreign market share provides a measureof U.S. competitiveness against foreign producers in
their home markets and export markets.

SOURCE: Data Resources, Inc./McGraw-Hill, special tabulations.

See figure 6-6. Science & Engineering Indicators - 1991
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Appendix table 6-7.
Export market shares, by industry and country: 1980-88
(page 1 of 2)

407

1980 1981 1982 1983 1984 1985 1986 1987 1988

Percent
ALL MANUFACTURING INDUSTRIES

United States 16.2 15.7 13.6 12.2 11.6 10.6 10.2 11.2 13.1

Japan 10.8 11.7 11.4 12.1 13.1 12.9 12.7 12.4 12.5

West Germany 17.3 17.8 18.5 17.9 17.9 18.4 17.8 17.2 16.8

France 10 2 10.2 10.1 10.2 10.0 9.8 9.3 9.3 9.4

United Kingdom 8.7 7.5 7.9 7.7 7.8 8 I 9.0 9.2 8.8

Italy 7.0 7.3 7.6 7.6 7.4 7.7 7.6 7.5 7.6

EC-12 59.0 58.4 60.3 60.4 59.8 60.8 61.3 60.8 60.1

High-tech manufactures
United States 26.9 25.9 23.3 22.0 20.9 20.1 201 21.8 23.4

Japan 9.7 10.1 9.9 11 0 12.1 11.6 12.5 13.7 15.2

West Germany 16.1 17.0 18.1 17.3 17.5 17.1 15.5 14.4 13.5

France 9.3 9.6 9.9 9.8 10.2 10.3 9.3 9.6 9.2

United Kingdom 12.6 10.9 11.7 11.4 12.0 13.3 14.6 13.5 12.0

Italy 3.6 4.3 4.6 5.0 4.6 4.7 4.4 4.4 4.2

EC-12 52.3 52.4 55.6 55.5 56.1 57.3 56.4 54.0 52.2

Industrial chemicals
United States 18.0 16.9 15.4 13.1 13.1 11.8 12.0 131 13.4

Japan 6.7 6.0 6.2 6.0 5.7 5.9 6.3 7.2 6.8

West Germany 19.1 20.1 20.9 20.6 21.4 21.1 19.3 18.7 17.5

France 11.9 12.0 9.8 12.0 12.3 13.4 13.0 13.3 12.3

United Kingdom 10.2 9.6 10.6 10.3 10.6 11.3 13.0 13.0 12.0

Italy 3.6 4.5 5.6 6.5 5.6 5.6 4.2 4.6 5.0

EC-12 63.4 64.7 66.1 69.0 69.5 70.1 69.2 67.1 68.3

Drugs and medicines
United States 15.6 14.9 12.9 14.0 13.4 12.3 12.6 12.2 13.5

Japan 2.3 2.3 2.0 2.3 2.3 2.3 2.3 2.3 2.4

West Germany 17.5 18.0 16 2 17.4 18.1 18.3 17.4 17.2 17.0

France 11.6 11.5 19.8 11.8 11.6 11.6 11.0 10.9 10.8

United Kingdom 13.4 12.9 12.6 13.2 13.4 13.7 14.9 14.5 13.8

Italy 5.3 5.6 5.1 5.6 5.9 6.2 5.6 5.3 5.5

EC-12 63.4 63.2 68.0 64.3 65.8 66.5 66.1 66.3 65.8

Engines and turbines
United States 26.7 25.2 23.3 21.0 19.9 19.0 17.6 18.2 20.1

Japan 10.9 12.2 11.3 12.3 14.2 13.5 13.9 14.2 13.7

West Germany 16.6 15.8 17.3 17.6 17.7 17.9 17.6 17.3 16.2

Franco 8.5 8.6 8.4 8.7 8.8 9.3 9.0 9.3 9.4

United Kingdom 16.3 15.9 16.0 13.4 12.8 13.5 15.2 14.0 14.9

Italy 4.6 4.9 4.9 5.8 5.0 4.2 5.0 5.0 4.2

EC-12 51.7 51.3 53.4 52.1 50.7 52.5 53.2 51.9 50.9

(continued)
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Appendix table 6-7.
Export market shares, by industry and country: 1980-88
(page 2 of 2)

1980 1981 1982 1983 1984 1985 1986 1987 1988

Percent
Office and computing machinery

United States 42.3 41.4 38.1 35.7 33.6 28.8 27.1 28.5 31.8
Japan 6.3 7.8 9.2 10.7 10.8 11.2 13.5 15.8 20.0
West Germany 12.1 13.4 13.4 12.3 11.3 11.5 11.1 9.0 7.6
France 9.9 10.6 8.2 8.4 9.2 9.0 7.9 8.0 7.2
United Kingdom 12.9 10.0 11.8 12.9 15.6 18.2 17.5 16.9 12.0
Italy 2.8 3.0 3.6 3.4 3.2 4.5 4.6 4.0 4.0

EC-12 46.7 46.7 48.8 49.7 52.1 56.4 55.7 52.5 45.7

Radio, TV, ar
communication equipment

United States 24.3 22.5 33.5 30.5 25.6 21.7 23.1 23.7 23.6
Japan . . . . 26.8 29.6 25.8 30.0 33.4 29.9 31.0 32.0 34.4
West Germany . 14.1 14.2 11.5 11.2 11.2 11.9 10.3 9.6 10.8

France 8.7 9.4 7.2 6.8 6.6 8.0 7.5 8.1 7.7
United Kingdom 7.9 6.7 7.3 6.8 7.7 10.2 10.1 9.0 8.8
Italy 3.8 4.1 3.7 3.6 3.4 4.1 3.8 4.3 3.2

EG-12 44.1 42.1 36.7 35.3 35.8 41.6 39.4 37.5 36.4

Aircraft
United States 53.0 51.0 33.7 41.1 34.6 40.8 43.3 50.0 44.8
Japan 0.4 0.4 0.6 0.6 0.5 0.5 0.5 0.7 0.7
West Germany 10.7 15.0 21.1 17.3 20.5 16.8 11.0 11.8 13.2

France 6.7 8.7 12.0 11.7 15.0 11.9 9.2 11.0 12.9

United Kingdom 18.3 10.5 12.8 14.7 15.0 15.1 19.7 9.7 10.7

Italy 1.8 4.5 4.7 4.7 5.4 5.0 4.1 4.0 4.3

EC-12 42.0 43.3 55.1 53.0 59.1 51.7 47.0 40.3 47.6

Scientific instruments
United States 21.4 20.6 19.3 17.0 15.8 13.9 13.5 13.8 14.9

Japan 17.7 18.5 17.8 19.3 20.0 19.9 20.0 19.8 20.0
West Germany 16.4 16.9 17.7 17.1 17.6 18.6 18.1 17.7 17.6

France 7.6 7.4 7.5 7.7 7.9 8.0 7.0 7.3 7.4

United Kingdom 9.3 8.8 9.7 9.8 10.2 10.7 11.8 11.7 11.6

Italy 3.3 3.3 3.3 3.5 3.6 3.8 3.9 4.0 3.9

EC-12 45.6 45.6 48.0 48.4 49.5 51.2 51.6 51.4 51.5

Other manufactures
United States 14.1 13.6 11.5 10.0 9 4 8.3 7.6 8 3 10.0

Japan 11.0 12.0 11.7 12.3 13.3 13.2 12.7 12.1 11.7

West Germany 17.5 17.9 18.6 18.0 17.9 18,8 18.4 18.0 17.8

France 10.4 10.3 10.2 10.2 9.9 9.7 9.3 9.2 9.4

United Kingdom 7 9 6.8 7.0 6.9 6.8 6.8 7.5 8.0 7.9

Italy 7.7 8.0 8.2 8.2 8.1 8.4 8.4 8.3 8.6

EC12 60.3 59.6 61.3 61.5 60.6 61 7 62.5 62.7 62.4

NOTE. EC-12 = 12 countnes of the European Community

SOURCE: Special tabulations developed by Data Resources. Inc./McGraw-Hill from Organisation for Economic Cooperatith. and Development's Industrial
Structure Statistics and Series C Trade Data.

See figure 6-7. Science & Engineering Indicators 1991
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Appendix table 6-8.
Trade balances for high-tech industries, by country: 1980-88
(page 1 of 2)

409

1980 1981 1982 1983 1984 1985 1986 1987 1988

High-tech manufactures

Millions of constant 1980 dollars

United States 23,698 23,643 20,640 17,512 10,881 12,210 9,187 10.392 11,855

Japan 8,022 9,267 8,943 10,378 14,193 15,127 15.622 20,114 26,627

West Germany 7,941 8,914 10,663 9,462 12,670 11,244 6,002 3,151 1.807

France 1,213 2,690 3,191 2,893 5,817 5.862 563 357 - 1,298

United Kingdom 6,092 5,377 5,949 4,328 4,093 8,078 11,692 9,371 588

Italy - 3,059 - 1,422 - 1,018 - 389 - 1,418 - 2,398 - 5,695 - 7,088 - 2,369

Industrial chemicals
United States 3,073 2,926 2,420 1,459 1,080 485 1,005 2,041 2,572

Japan 267 - 90 557 1,141 - 2,092 - 1,921 3,303 - 3,516 - 4,205

West Germany 2.933 3,243 3,468 4,129 5,072 4,617 3,219 2,812 2,976

France - 436 454 - 280 1,210 1,495 2,018 1,024 1,073 944

United Kingdom 1,372 1,022 1,204 1,218 1,224 1,788 2,379 2,223 2.108

Italy 1,460 - 883 - 583 - 232 - 624 - 1,046 - 2,856 - 2,710 - 3,122

Drugs and medicines
United States 1,217 1,217 1,221 1.110 914 740 806 570 567

Japan - 779 - 803 - 914 - 929 986 - 1,002 - 1,730 - 1,954 - 2,240

West Germany 981 1,188 1,180 1,161 1,265 1,289 1,170 1.115 1,165

France 796 821 2,257 857 886 895 816 739 575

United Kingdom 1,217 1,123 1,185 1,065 1,125 1,247 1,550 1,410 1,304

Italy 36 92 82 - 16 - 15 - 75 - 450 - 513 746

Engines and turbines
United States 4,566 4,256 4,102 2,717 1,401 288 - 557 590 94

Japan 2,824 3,463 3,086 3,268 3,928 3,880 4,084 4,318 4,533

West Germany 3,391 3,256 3,722 3,418 3,769 3,680 3,266 3,151 2,917

France 475 456 - 2 71 358 378 - 126 - 355 548

United Kingdom 2,959 2,613 2,517 1,567 1,547 1,754 2,015 1,436 1,614

Italy 153 356 399 737 461 126 301 318 234

Office and computing machinery
United States 2,517 2,864 2,701 2,847 2,867 4,084 1,952 935 819

Japan 279 487 742 1,675 2,722 4,233 7,012 10,697 16,263

West Germany - 78 9 0 382 - 470 - 1,137 - 1,954 - 3,631 - 5,402

France 139 172 - 315 - 470 422 300 988 996 - 2,559

United Kingdom 138 - 85 - 121 - 206 104 2,864 3,056 3,669 - 4,105

Italy - 263 - 211 - 223 - 217 - 202 - 121 - 249 908 - 1,458

Radio. TV, & comm. equipment
United States - 1,554 - 1,835 386 646 - 2,240 - 1,411 - 1,004 - 1.383 - 2,420

Japan 1.594 1.843 2.084 3.058 4.973 4,170 4,459 5,522 7,599

West Germany - 596 - 468 - 406 - 450 - 612 880 - 1,225 - 1,147 - 947

France - 192 36 - 122 93 - 145 - 104 - 204 - 224 601

United Kingdom 177 - 321 - 346 - 603 - 864 - 699 538 925 - 1.163

Italy - 408 - 216 - 273 - 245 - 512 - 532 - 801 - 1.058 509

Aircraft
United States 10.518 10,943 7 463 7,892 5,925 7.841 9,785 10,570

Japan - 913 - 1,204 - 662 - 1.402 - 874 , , Z.. 0.. - 2,214 - 1,987 - 2,144

West Germany - 476 - 777 - 69 - 1,040 439 - 156 - 1,467 - 1,586 - 1,501

France 763 1,042 2,067 1,664 2.817 2,365 1,248 1,634 1,424

United Kingdom 422 1,218 1,609 1,664 1.430 1,236 3.083 1,471 843

Italy 224 237 452 394 273 148 - 96 - 97 9

(continued)
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Appendix table 6-8.
Trade balances for high-tech Industries, by country: 1980-88
(page 2 of 2)

Appendix A. Appendix Tables

1980 1981 1982 1983 1984 1985 1986 1987 1988

Scientific instruments
United States
Japan
West Germany
France
United Kingdom
Italy

Other manufactures
United States
Japan
West Germany
France
United Kingdom
Italy

3,362 3,272
4,750 5,572
1,785 2,465
- 333 - 218

162 - 193
- 891 - 796

- 12,734
53,923
33,511
10,343
- 4,667
13,830

- 14,989
65,121
49,165
16,749

- 12,189
25,277

Millions of constant 1980 dollars

3,119 2,135 933 138 857 966 - 347
5,163 5,848 6.523 7.348 7.313 7.035 6.824
2,770 2,626 3,208 3,831 2,992 2.437 2.600
- 416 - 348 - 14 9 - 1,205 - 1.516 - 1.628
- 100 - 379 - 473 - 112 147 87 - 10

- 871 - 809 - 801 - 895 - 1.544 - 2,119 - 625

- 26,275
60,801
53,673

7,916
- 16,247

24,776

- 50,788 - 90,043 113,885
66,550 79,944 84.706
40,922 48,348 56,764

8,629 12,069 7,008
- 25,911 - 31,699 - 32,064

25,140 24,194 24,969

- 138.294
65.097
37.002

- 14.145
- 34.316

16.802

140,655
45.136
30,691
23.823
36.171

7.299

125.126
25.811
33.553
25.183

- 47.151
9.401

SOURCE: Special tabulations developed by
Statistics and Series C Trade Data.

See figure 6-8 and figure 0-23 in Overview.

Data Resources, Inc./McGrawHill from Organisation for Economic Cooperation and Development s Industrial Structure

Scence Engineering Indicators 1991
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Appendix table 6-9.
U.S. receipts and payments of royalties and license fees generated from the exchange and use of industrial
processes with unafilliated foreign residents: 1987-89

Receipts

1987 1988 1989

ALL COUNTRIE: 1,592 1,871 1,902

Canada 87 61 56

Europe 446 524 523

Western Europe 439 492 512

European Community 353 416 372

France 73 81 51

West Germany 79 74 76

Italy 57 74 67

United Kingdom 60 68 74

Other 84 119 104

Other Western Europe 86 76 140

Eastern Europe 7 32 11

South and Central America 63 48 49

Brazil 19 7 11

Mexico 14 13 17

All other 30 28 21

Africa D 23 24

Middle East D 18 18

Asia and Pacific 936 1,184 1,221

Hong Kong 4 6 8

India 18 40 26

Indonesia 5 4 8

Japan 723 884 889

South Korea 34 104 166

The Philippines 3 4 3

Singapore 30 13 3

Taiwan 21 46 22

All other 98 83 96

All other 60 13 11

Payments Balance

1987 1988

Millions of dollars

436 449

9 11

320 330
320 330
248 277

33 37
100 112

25 20
72 80
18 28
72 53

*

5 *

3

2 NA

' 4

2 3

95 98
1 '
' '
o *

88 95
' *

0
o

' '
6 3

5 3

1989 1987 1988 1989

597 1,156 1,422 1,305

13 78 50 43

449 126 194 74
448 119 162 64

392 105 139 -20
50 40 44 1

135 -21 -38 -59
32 32 54 35

61 -12 -12 13

114 66 91 -10
56 14 23 84

1 7 32 10

58 48 49
19 7 11

11 13 17

NA 28 28 21

o 19 24

4 -2 15 14

128 841 1,086 1,093
3 6 a

18 40 26
0 5 4 8

113 635 789 776
1 34 104 165
1 3 4 2

o 30 13 3
4 21 46 18

9 92 80 87

3 55 10 8

NA = not available

= less than $500.000

D = withheld to avoid disclosing operations of individual companies

NOTE: Industrial processes indude patents and other proprietary inventions and technology.

SOURDE: Bureau of Economic Analysis, Survey of Current Business, Vol. 70, No. 9 (September 1990): pp. 45-47.

See figure 69. Science & Engineering Indicators 1991
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Appendix table 6-10.
U.S. receipts and payments of royalties and fees associated with
unaffiliated foreign residents: 1972-89
(page 1 of 2)

Appendix A. Appendix Tables
. ..

AD

countries Canada France Japan
United

Kingdom
West

Germany
Other

countries

Receipts
Millions of current dollars

1972 655 38 42 240 63 56 216

1973 712 32 43 273 75 63 226

1974 751 38 46 249 71 78 269

1975 757 38 47 219 79 81 293

1976 822 45 57 246 72 83 319

1977 1,037 42 48 275 82 92 498

1978 1,180 61 47 343 93 119 517

1979 1,204 43 54 343 102 109 553

1980 1,305 68 144 403 113 145 432

1981 1,490 69 113 423 119 101 645

1982 1,669 71 119 502 122 105 750

1983 1,679 79 136 523 134 136 671

1984 1,709 84 105 549 133 127 711

1985 1,899 101 122 606 126 112 832

1986 1,842 145 105 632 113 117 730

1987 2,171 155 95 854 111 135 821

1988 2,522 107 96 1,016 127 126 1,050

1989 2,639 127 79 1,026 147 144 1,116

Payments
1972 139 6 13 6 44 29 41

1973 176 6 16 13 53 37 51

1974 186 7 14 12 67 34 52

1975 186 9 15 9 76 32 45

1976 189 9 14 13 77 34 42

1977 262 8 14 16 72 31 121

1978 277 10 16 15 84 27 125

1979 309 16 17 15 93 40 128

1980 297 18 31 20 96 61 71

1981 289 13 30 37 99 43 67

1982 292 10 22 31 94 35 100

1983 318 10 29 53 90 35 101

1984 359 11 32 63 85 59 109

1985 425 10 25 66 123 47 154

1986 460 10 31 114 76 93 136

1987 520 18 38 104 96 109 155

1988 1,036 225 51 110 145 125 430

1989 871 118 55 126 190 153 229

Balance
1972 516 32 29 234 19 27 175

1973 536 26 27 260 22 26 175

1974 565 31 32 237 4 44 217

1975 571 29 32 210 3 49 248

1976 633 36 43 233 -5 49 272

1977 775 34 34 259 10 61 377

1978 903 51 31 328 9 92 392

1979 895 27 37 328 9 69 425

(continued)
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Appendix table 6-10.
U.S. receipts and payments of royalties and fees associated with
unaffiliated foreign residents: 1972-89
(page 2 of 2)

All

countries Canada France Japan
United

Kingdom
West

Germany
Other

countries

Millions of current dollars
1980 1,008 50 113 383 17 84 361

1981 1,201 56 103 386 20 58 578

1982 1,377 61 97 471 28 70 650
1983 1,361 69 107 470 44 101 570
1984 1,350 73 73 486 48 68 602

1985 1,474 91 97 540 3 65 678

1986 1,382 134 74 519 36 27 592

1987 1,648 137 57 750 14 27 663

1988 1,436 -118 45 906 -18 1 484
1989 1,768 9 24 900 -43 -9 835

NOTE: Data do not include transactions involving services.

SOURCE: Bureau of Economic Analysis. unpublished tabulations. Science & Engineering Indicators 1991
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Appendix table 6-11.
Japanese purchases of technological know-how through new sales agreements with
selected major countries: 1984-88

United
States

United
Canada Kingdom

West
Germany France Total

Number of agreements

1984 591 42 48 130 52 863
1985 716 23 134 102 38 1,013

1986 771 11 50 148 42 1,022

1987 483 11 55 101 34 684
1988 1,011 27 57 91 57 1,243

Value of agreements (million yen)

1984 23,660 295 2,123 1,631 603 28,312

I 985 23,837 456 2,149 1,856 858 29,156

1986 24,210 161 1,283 2,955 1,125 29,734

1987 29,049 285 1,527 1,911 15,132 47,904

1988 32,893 756 1,101 1.866 7,046 43,662

SOURCES: Management and Coordination Agency, Statistics Bureau, Government of Japan, unpublished statistics; updates provided by Division of
International Programs, Tokyo Office, National Science Foundation.

Science & Engineering Indicators 1991

Appendix table 6-12.
Japanese sales of technological know-how through new sales agreements with selected
major countries: 1984-88

United
States Canada

United
Kingdom

West
Germany France Total

Number of agreements

1984 197 41 47 37 39 361

1985 261 10 42 61 41 415

1986 238 20 45 45 48 396

1987 244 7 50 60 53 414

1988 301 18 51 59 24 453

Value of agreements (million yen)

1984 12,092 646 1971, 467 1,681 16,857

1985 7,235 176 1,767 6,693 1,346 17,217

1986 8,018 311 1,667 2,175 1,126 13,297

1987 10,237 123 2,366 1,834 1,671 16,231

1988 5,500 325 1,510 1,877 530 9,742

SOURCES: Management and Coordination Agency, Statistics Bureau, Government of Japan, unpublished statistics; updates provided by Division of
International Programs, Tokyo Office, National Science Foundation.

Science & Engineering Indicators - 1991
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Appendix table 6-13.
National R&D expenditures, by sector of performance and source of funds: 1975 and 1988

France
West

Germany Japan
United

Kingdom Sweden
United

Italy States

SECTOR OF PERFORMANCE

1975

Percentage diswibution

Total 100 100 100 100 100 100 100

Government 23 17 12 26 8 22 15
Industry 60 63 57 62 69 56 69
Higher education 16 20 28 8 23 22 13
Other' 1 ' 3 3 NA NA 4

19882

Total 100 100 100 100 100 100 100

Government 24 13 9 15 4 22 14

Industry 60 72 68 67 67 58 73
Higher education 15 14 19 14 29 20 10

Other' 1 NA 4 4 NA 3

Percentage change

Government +1 -4 -3 -11 -4 0 -1

Industry 0 +9 +11 +5 -2 +2 +4

Higher education -1 -6 -9 -6 +6 -2 -3

Other' 0 +1 +1 NA -1

Percentage distribution
SOURCE OF FUNDS

1975
Total 100 100 100 100 100 100 100

Government 54 47 29 52 39 43 51

Industry 39 50 55 41 57 51 45
Higher education 1 NA 15 1 1 1 2

Others' 6 2 1 7 3 5 2

19884

Total 100 100 100 100 100 100 100

Government 51 36 20 39 38 54 46
Industry 43 63 70 50 60 42 50

Higher education NA NA 9 NA 3

Other, 6 1 1 11 1 4 1

Percentage change
Government -3 -11 -9 -13 -1 +11 -5
Industry +4 +13 +15 +9 +3 -9 +5

Higher education -1 -6 -1 -1 -1 +1

Others' 0 -1 0 +4 -2 -1 -1

= less than 0.5 percent; NA = not available; = unknown

NOTE: Percentages may not total 100 because of rounding.

'Private nonprofit institutions.

2French and Japanese figures for 1988 are Natirnal Science Foundation (NSF) estimates: United Kingdom and Swedish data are for 1987. Italian figures
are for 1986.

"Private nonprofit institutions and funds from abroad.

'French and Japanese figures for 1988 are NSF estimates; United Kingdom. Swedish. and Italian data are for 1987.

SOURCES: NSF; Organisation for Economic C000eration and Development: and national sources

See figures 6-10 and 6-11. Science & Engineering Indicators 1991
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Appendix table 6-14.
Percentage of national R&D financed by industry, by country: 1970-88

France
West

Germany Japan
United

Kingdom Sweden Italy
United
States

1970 37 53 55 NA NA 51 40

1971 37 52 55 NA 56 52 41

1972 37 49 55 44 NA 52 41

1973 38 49 55 NA 54 49 43

1974 38 48 55 NA NA 51 45

1975 39 50 55 41 57 51 45

1976 42 51 55 NA NA 50 45

1977 41 53 56 NA 59 47 46

1978 42 52 58 44 NA 50 47

1979 43 55 59 NA 60 55 47

1980 44 56 61 NA NA 52 49

1981 41 56 62 41 57 50 50

1982 42 57 64 NA NA 49 51

1983 42 59 65 42 59 45 50

1984 41 59 67 NA NA 44 50

1985 42 60 69 47 61 45 49

1986 41 61 69 50 NA 40 48

1987 42 63 69 50 60 42 48

1988 43 63 70 NA NA 41 50

NA = not available

NOTES: Data for 1988 are national estimates; 1988 figure for France is a National Science Foundation
(NSF) estimate.

SOURCES: NSF: Organisation for Economic Cooperation and Development: and nahonal sources.

Science & Engineering Indicators - 1991
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Appendix table 6-15.
Industrial R&D expenditures, by source of funds: 1953-91

Total R&D Federal Company'

Current
dollars

Constant
1982

dollars'
Current
dollars

Constant
1982

dollars'
Current
dollars

Constant
1982

dollars'

Millions of dollars
1953 3,630 14,021 1,430 5,523 2,200 8,497
1954 4,070 15,475 1.750 6,654 2,320 8,821

1955 4,640 17,090 2,180 8,029 2,460 9,061
1956 6,605 23,530 3,328 11,856 3,277 11,674
1957 7,731 26,585 4,335 14,907 3,396 11,678
1958 8,389 28,274 4,759 16,040 3,630 12,235
1959 9,618 31,597 5,635 18,512 3,983 13,085

1960 10,509 33,955 6,081 19,648 4,428 14,307
1961 10,908 34,917 6,240 19,974 4,668 14,942
1962 11,464 35,892 6.434 20,144 5,029 15,745
1963 12,630 38,981 7,270 22,438 5,360 16,543
1964 13,512 41,032 7,720 23,444 5,792 17,589

1965 14,185 41.992 7,740 22,913 6,445 19,079
1966 15,548 44,474 8.332 23.833 7,216 20,641
1967 16,385 45,590 8,365 23,275 8,020 22,315
1968 17,429 46,194 8,560 22,688 8,869 23,506
1969 18,308 46,023 8,451 21,244 9,857 24,779

1970 18,067 42,986 7,779 18,508 10,288 24,478
1971 18,320 41,280 7,666 17,274 10,654 24 006
1972 19,552 42,056 8,017 17,245 11,535 24,812
1973 21,249 42.893 8,145 16,441 13,104 26,451
1974 22,887 42,415 8,220 15,234 14,667 27,181

1975 24,187 40,781 8,605 14,509 15,582 26,272
1976 26,997 42,805 9,561 15,159 17,436 27,645
1977 29,825 44,330 10,485 15,584 19,340 28,746
1978 33,304 46,115 11,189 15,493 22,115 30,622
1979 38,226 48,652 12,518 15,932 25,708 32,720

1980 44,505 51,919 14,029 16,366 30,476 35,553
1981 51,810 55,140 16,382 17,435 35,428 37,705
1982 58,650 58,650 18,545 18.545 40,105 40,105
1983 65,268 62,842 20,680 19,911 44,588 42,931
1984 74,800 69,433 23,396 21,717 51,404 47,716

1985 84,239 75,925 27,196 24,512 57,043 51.413
1986 87,823 77,160 27,891 24.504 59,932 52,655
1987 92,155 78.477 30,752 26.188 61,403 52,289
1988 97,889 80,680 32,306 26,627 65,583 54,053
1989 101,599 80,436 31,366 24,833 70,233 55,604

1990 (est.) . . . . 104,800 79,629 31,800 24,162 73,000 55,467
1991 (est.) . . . . 109,150 79,434 33 000 24,016 76,150 55,418

'Company funds include funds tor industrial R&D work pei formed within company facilities from all
sources except the Federal Government. The sources of funds may comprise those from outside
organizations such as research institutions, universities and colleges, other nonprofit organizations. other
companies, and state governments, as well as companies' own. Company-financed R&D not performed
within the company is excluded.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982
dollars.

SOURCE: Science Resources Studies Division. National Science Foundation, Selected Data on
Research and Development in Industry: 1989. NSF 91-302 (Washington. DC: NSF. 1991).

See figure 6-12. Soence & Engtneenng Indicators 1991



Appendix table 6-16.
Total expenditures for industrial R&D (financed by company, Federal, and other funds), by industry and size of company: 1979-89
(page 1 of 3)

Industry and company size GIC code 1979 1980 1981 1982 1983 1984 1985 1986 1967 1988 1989

Millions of current dollars

TOTAL All 38,226 44,505 51,810 58,650 65,268 74,800 84,239 87,823 92,155 97,889 101,599

High-technology manufacturing industries 28,36,372,376,38 22,408 26,038 31,536 35,908 39,538 45,165 50,216 49,976 55,163 58,340 59,722

Other manufacturing industries Other mfg SICs 14,278 16,652 18,368 20,270 22,393 24,730 27,309 30,401 29,148 31,436 33,604

Nonmanufacturing industries 10-11,14-17,40- 1,540 1,815 1,906 2,472 3,337 4,905 6,714 7,446 7,844 8,113 8,273
42,44-51,53-54,
56,60,62-63,72-
73,78,806-07,87

Distribution by manufacturing industry
Chemicals and allied products 28 4,038 4,636 5,625 6,604 7,185 7,927 8,540 8,843 9,635 10,772 11,537

Industrial chemicals 281-82,286 1,962 2,197 2,802 3,206 3,214 3,240 3,498 3,552 3,716 3,959 4,056

Drugs and medicines 283 1,517 1,777 D D D D D 3,658 D 4,746 D

Other chemicals 284-85.287-89 559 662 D D D D D 1,633 D 2,067 D

Petroleum refining and extraction 13,29 1,262 1,552 1,897 1,944 2,066

Rubber products 30 577 656

Stone, clay, and glass products 32 356 406 950 995

Primary metals 33 634 728 878 987 1,085 730 663 768

Fabricated metal products 34 455 550 624 625 701 842 829 895 783 829 788

Machinery 35 4,825 5,901 6,818 8,078 9,027 10,504 12,216 D 0 D D

Office, computing, and accounting machines 357 3,214 3,962 D D D D D D D D

Other machinery, except electrical 351-56,358-59 1,611 1,939 D D D D 2,396 2,428 2,719 2,789

Electrical equipment 36 7,824 9,175 10,329 10,923 12,681 13,778 14,432 14,980 15,848 16,242 16,768

Radio and TV receiving equipment 365 245 556 133 139 139 85

Communication equipment 366 3,635 4,024 4,758 5,839 7,298 8,685 9,397 9,669 10,184 10,296 10,508

Electronic components 367 1,169 1,547 1,573 1,740 2,169 2,831 3,385 D 4,286 4,607 4,884

Other electrical equipment 361..64,369 2,775 3,048 D 1,239 1,200 1,291

Transportation equipment 37 12,709 14,315 D D D D 31,275 34,246 36,338 36,863

Motor vehicles and motor vehicles equipment. 371 4,509 4,955 4,806 4,797 5,318 6,057 6,984 D D D D

Other transportation equipment 373-75,379 159 162 D D D D D D D D

Aircraft and missiles 372,376 8,041 9,198 11,968 14,451 15,406 18,858 22,231 21,050 24,458 25,900 25,654

Professional and scientific instruments
Scientific and mechanical measuring instruments
Optical, surgical, photographic, and other

38

381-82
2,505

950

3,029
1,352

3,614 3,930 4,266 4,602 5,013 5,103 5,222
D

5,426
1,734

5,763
1,868

-13
-13

z
a

instruments 383-87 1,555 1,677 D 3,692 3,895

Distribution by size of company'
Less than 500 1,764 2,065 2,305 2,934 4,422 4,402 5,866 7,071 7,163 S 7,446

500 999 1,439 1,648 1,902 1,725 1,656 1,718 a

1,000 4.999 2,483 2,701 3,148 3,864 4,178 5,520 6,240 7,472 7,262 7,598 7.843

5,000 9,999 1,691 2,028 2,988 2,751 2,798 3,251 4,022 4,251 4,501 5,236 5,475

10.000 - 24,999 5,191 6,017 6,762 7,943 9,499 11,351 11,109 10,493 12,043 11,473 10,432

25,000 or more 27,097 31,693 36,607 41,156 44,372 48,837 55,354 56,991 59,461 64,678 68,685

(continued)



Appendix table 6-16.
Total expenditures for industrial R&D (financed by company, Federal, and other funds), by industry and size of company: 1979-89
(page 2 of 3)

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Millions of constant 1982 dollars'

TOTAL All 48,652 51,919 55,140 58,650 62,842 69,433 75,925 77,160 78,477 80,680 80,436

High-technology manufacturing industries 28,36,372,376,38 28,520 30,376 33,563 35,908 38,069 41,924 45,260 43,908 46,975 48,084 47,282

Other manufacturing industries Other mfg Ol Cs 18,172 19,426 19,549 20,270 21.561 22,956 24,614 26,710 24,822 25,910 26,604

Nonmanufacturing industries 10-11,14-17 40- 1,960 2,117 2,029 2,472 3,213 4,553 6,051 6,542 6,680 6,687 6,550

42,44-51,53.54,
56,60,62-63,72-
73,78,806-07,87

Distribution by manufacturing industry
Chemicals and allied products 28 5,139 5,408 5,987 6.604 6,918 7,358 7,697 7,769 8,205 8,878 9,134

Industrial chemicals 281-82,286 2,497 2,563 2,982 3.206 3,095 3,008 3,153 3,121 3,164 3,263 3,211

Drugs and medicines 283 1,931 2,073 D D D D D 3,214 D 3,912 D

Other chemicals 284-85,287-89 711 772 D D D D D 1,435 D 1,704 D

Petroleum refining and extraction 13,29 1,606 1,811 D D D D D D 1,615 1,602 1,636

Rubber products 30 734 765 D D D D D D D D D

Stone, clay, and glass products 32 453 474 D D D D D 835 847 D D

Primary metals 33 807 849 934 987 1,045 D D D 622 546 608

Fabricated metal products 34 579 642 664 625 675 782 747 786 667 683 624

Machinery 35 6,141 6,884 7,256 8,078 8,692 9,750 11,010 D D D D

Office. computing, and accounting machines 357 4,091 4.622 D D D D D D D D D

Other machinery, exlept electrical 351-56,358-59 2,050 2,262 D D r, D D 2,105 2,068 ;,241 2,208

Electrical equipment 36 9,958 10,703 10,993 10,923 12,210 12,789 13,008 13,161 13,496 13,387 13,275

Radio and TV receiving equipment 365 312 649 D D D D 0 117 118 115 67

Communication equipment 366 4,626 4,694 5,064 5.839 7,027 8,062 8,470 8,495 8,672 8,486 8,319

Electronic components 367 1,488 1,805 1,674 1,740 2,088 2,628 3,051 D 3,650 3,797 3.867

Other electrical equipment 361-64,369 3,532 3,556 D D D D D D 1,055 989 1,022

Transportation equipment 37 16,175 16,700 D D D D D 27,478 29,163 29,950 29.185

Motor vehicles and motor vehicles equipment 371 5,739 5,780 5,115 4,797 5,120 5,622 6,295 D D D D

Other transportation equipment 373-75,379 202 189 D D D D D D D D D

Aircraft and missiles 372,376 10,234 10,730 12,737 14,451 14,833 17,505 20,037 18,494 20,828 21,347 20,310

Professional and scientific instruments 38 3,188 3,534 3,846 3,930 4,107 4,272 4,518 4,483 4,447 4,472 4,563

Scienhfic and mechanical measuring intauments 381-82 1,209 1,577 D D D D D D D 1,429 1,479

Optical. surgical, photographic, and other
instruments 383-87 1,979 1,956 D D D D D D D 3,043 3,084

Distribution by size of company'
Less than 500 2,245 2,409 2,453 2,934 4,258 4,086 5,287 6,212 6,100 D 5,895

500 999
1.000 4,999 3.160 3,151 3,350 3,864 4,023 5,124 624 6,565 6,184 6,262 6209,

5.000 9,999 2.152 2,366 3,180 2,751 2,694 3,018 3,625 3,735 3,833 4,316 4,335
_

50o

(continued)



Appendix table 6-16.
Total expenditures for industrial R&D (financed by company, Federal, and other funds), by industry and size of company: 1979-89
(page 3 at 3)

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Millions of constant 1982 doHars.

10.000 - 24,999 6,607 7,019 7,197 7,943 9,146 10,537 10,013 9,219 10,255 9,456 8,259

25.000 or more 34,488 36,973 38,960 41,156 42,723 45,333 49,891 50,071 50,635 53,308 54,378

D withheld to avoid disclosing operations of individual companies

S withheld because of imputahon of more than 50 percent

Distribution is based on number of employees.

See appendix table 4-1 for GNP implicit price deflators used to conver1 current dollars to constant 1982 dollars.

SOURCE. Science Resources Studies Division, National Science Foundation, Selected Data on Research and Development in Industry: 1989. NSF 91-302 (Washington, DC: NSF. 1991).

See figure 6-13. Science & Engineering Indicators 1991



Appendix table 6-17.
Federal funds for industriai R&D performance, by industry and size of company: 1979-89
(page 1 of 3)

k Industry and company size

TOTAL
High-technology manufacturing industries
Other manufacturing industries
Nonmanufacturing industries

Distribution by manufacturing industry
Chemicals and allied products

Industrial chemicals
Drugs and medicines
Other chemicals

Petroleum refining and extraction
Rubber products .
Stone, clay, and glass products
Primary metals
Fabricated metal products

Maclunery
Office. computing. & accounting machines.
Other machinery, except electrical

E lectrical equipment
Radio and TV receiving equipment
Communication equipment
Electronic components
Other electrical equipment

Transportation equipment
Motor vehicles and motor vehicles equipment
Other transportation equipment
Aircraft and missiles

Protosfflonal and scientific instruments
Scientific & mechanical measuring instruments
Optical. surgical. photographic. and other
instruments

Distribution by size of company'
Less than 500
500 999
1.000 4.999
5.000 9,999
10 000 - 24 999
25.000 or more. 5 ()3

SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Millions of current dollars

All 12,518 14,029 16,382 18,545 20,680 23,396 27,196 27,891 30,752 32,306 31,366

28,36,372,276,38 9,988 11,317 13,506 15,436 16,762 19,417 22,364 20,727 24,380 25,566 25.069

Other mfg SICs 1,849 1,933 2,018 2,109 2,665 2,326 2,519 4,458 3,672 3,987 3,581

10-11,14-17,40 681 779 858 1,000 1,253 1,653 2,313 2,706 2,700 2,753 2,716

42,44-51,53-54,
56,60,62-63,72-
73,78,806-07,87

28 346 3/2 421 407 393 191 230 179 190 199 88

281-82,286 345 341 409 396 386 183 217 178 185 196 84

283 D D D D D D D 1 D 3 D

284-85,287-89 D D D D D D D o D o D

13,29 153 151 D D D D D 0 14 21 S

30 D D D D D D L.; D D D D

32 D D D D D D D 9 10 D D

33 95 135 176 276 384 D D D 19 21 34

34 41 49 80 60 67 69 49 95 150 142 135

35 335 647 694 851 1,116 1,192 1,495 D D D D

357 256 D D D D D D D D D D

351-56,358-59 79 0 D D 0 0 0 75 44 98 106

36 3,309 3,744 3,920 4,241 4,523 4,741 5,161 5,213 5,399 5,370 5,222

365 53 210 0 0 D D D o o o o

366 1,586 1,657 1,783 2,284 2,798 3,538 4,223 4,552 4,729 4,621 4,666

367 D 382 361 398 359 477 559 D 656 728 522

361-64,369 D 1,495 D D D 0 0 0 14 21 34

37 D D D D D 0 D 17,708 20,784 22,176 21,763

371 729 655 587 476 564 673 820 0 0 0 D

373-75,379 D D D D D D D D D D D

372,376 5,840 6,628 8,528 10,265 11,396 14,094 16,582 14,984 18,519 19,877 19,634

38 493 573 637 523 450 391 391 351 272 120 125

381-82 203 350

383-87 290 223 0 D 0 0 0 D 0 96 115

389 354 424 523 641 621 739 868 963 864 940

98 117 137 115 139 105

590 444 562 623 740 902 991 1,229 981 1,157 1,113

228 432 619 527 718 487 672 796 748 914 813

1 179 1.150 1.225 1,495 2,271 2,805 2,743 2.004 2,362 1,805 1.245

10,132 11,648 13,551 15,377 16,311 18,483 21,933 23,213 25,583 27,428 27.150

(continued)
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Appendix table 6-17.
Federal funds for industrial R&D performance, by industry and size of company: 1979-89
(page 2 of 3)

i

I to

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Millions of constant 1982 dollars'

TOTAL All 15,932 16,366 17,435 18,545 19,911 21,717 24,512 24,504 26,188 26,627 24,833

High-technology manufacturing industries 28,36,372,276,38 12,712 13,202 14,374 15,436 16,139 18,024 20,157 18,210 20,761 21,071 19,847

Other manufacturing industries Other mfg SICs 2,353 2,255 2,148 2,109 2,566 2,159 2,270 3.917 3,127 3,286 2,835

Nonmanufacturing industries 10-11,14-17,40- 867 909 913 1,000 1,206 1,534 2,085 2,377 2,299 2,269 2,150

42,44-51,53-54,
56,60,62-63,72-
73,78,806-07,87

Distribution by manufacturing industry

Chemicals and allied products 28 440 434 448 407 378 177 207 157 162 164 70

Industrial chemicals 281-82,286 439 398 435 396 372 170 196 156 158 162 67

Drugs and medicines 283 D D D D D D D 1 D 2 D

Other chernicals 284-85,287-89 D D D D 0 D D D D D D

Petroleum refining and extraction 13,29 195 176 D D D D D D 12 17 D

Rubber products 30 D D D D D D D D D D D

Stone. clay, and glass products 32 D D D D D D D 8 9 D D

Primary metals 33 121 157 187 276 370 D D D 16 17 27

Fabricated metal products 34 52 57 85 60 65 64 44 83 128 117 107

Machinery 35 426 755 739 851 1,075 1,106 1,347 D D D D

Office, computing, and accounting machines 357 326 D D D D D D D D D D

Other machinery, except electrical 351-56,358-59 101 D D D D D D 66 37 81 84

Electrical equipment 36 4,212 4,368 4,172 4,241 4,355 4,401 4,652 4,580 4,598 4,426 4,134

Radio and TV receiving equipment 365 67 245 D D D D D D D D D

Communication equipment 366 2,019 1,933 1,898 2,284 2,694 3,284 3,806 3,999 4,027 3,809 3,694

Electronic components 367 D 446 384 398 346 443 504 D 559 600 413

Other electrical equipment 361-64,369 D 1,744 D D D D D D 12 17 27

Transportation equipment 37 D D D D D D D 15,558 17,699 18,277 17,230

Motor vehicles and motor vehicles equipment 371 928 764 625 476 543 625 739 D D D D

Other transportation equipment 373-75,379 D 1) D D D D D D D D D

Aircraft and missiles 372,376 7,433 7,732 9,076 10,265 10,972 13,083 14,945 13,165 15,770 16,383 15,544

Professional and scientific instruments 38 627 668 678 593 433 363 352 308 232 99 99

Scientific and mechanical measuring instruments 381-82 258 408

Optical. surgical, photographic. and other
instruments 383-87 369 260 0 0 D 0 0 0 0 79 91

Distribution by size of company'
-o

Less than 500 495 413 451 523 617 576 666 763 820 712 744

500 999 D D D D D 91 105 120 98 115 83

1.000 4.999 751 518 598 623 712 837 893 1,080 835 954 881

5.000 9.999 290 504 659 527 691 452 606 699 637 753 644 r
t

(continua)



Appendix table 6-17.
Federal funds for industrial R&D performance, by industry and size of company: 1979-89

(page 3 of 3)

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

10,000 - 24,999
25.000 or more

Millions of constant 1982 dollars'

1,501 1,342 1,304 1,495 2,187 2,604 2,472 1,761 2,011 1,488 986

12,896 13,588 14,422 15,377 15,705 17,157 19,768 20,394 21,786 22,606 21,495

D = withheld to avoid disclosing operations of individual companies

S withheld because of imputation of more than 50 percent

'Distribution is based on number of employees.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCE. Science Resources Studies Division, National Science Foundation, Selected Data on Research and Development in Industry 1989, NSF 91-302 (Washington, DC : NSF, 1991).

See figure 6-14.
Science & Engineering Indicators 1991
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Appendix table 6-18.
Company and other (except Federal) funds for industrial R&D performance, by Industry and size of company: 1979-89
(page 1 of 3)

rs)

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Millions of current dollars

TOTAL All 25,708 30,476 35,428 40,105 44,588 51,404 57,043 59,932 61,403 65,583 70,233

High-technology manufacturing industries. 28,36,372,376,38 8,728 10,457 12,827 14,275 15,984 18,012 19,542 20,585 21,338 22,201 23,204

Ot;,:r manufacturing industries Other mfg SICs 16,121 18,982 21,553 24,358 26,520 30,140 33,100 34,607 34,921 38,022 41,472

Nonelenufacturing industries. 10-11,14-17,40- 859 1,037 1,048 1,472 2084, 3,252 4,401 4,740 5,144 5,360 5,557

42,44-51,53-54,
56,60,62-63,72
73,78,806-07,87

Distribution by manufacturing industry
Chemicals and alhed products 28 3,692 4,264 5,205 6,197 6,792 7,736 8,310 8,664 9,445 10,573 11,449

Indwstriai chemicals 281-82,286 1,617 1,856 2,393 2,810 2,828 3,057 3,281 3,374 3,531 3,763 3,972

Drugti a!id rn"-ficines 283 D 2,064 2,473 2,896 3,310 3,481 3,657 4,095 4,743 5,206

Other 284-85,287-89 653 747 914 1,068 1,369 1,548 1,633 1,819 2067, 2,271

Petroleum refining and extraction 13,29 1,109 1,401 1,780 2003, 2,074 2,245 2,194 1,971 1,883 1,923 2,050

Hubber products 30 D D 598 617 638 671 659 655 596 635 679

Stone. clay, and glass products 32 D D 411 472 586 705 825 941 985 826 861

Primary metals 33 539 594 702 711 701 683 730 786 711 642 734

Fabricated metal products 34 414 501 545 565 634 773 780 800 633 687 653

Machinery . 35 4,490 5,254 6.124 7.227 7,911 9,312 10,721 10,701 10,577 11,992 13,216

Office. computing. and accounting machines 357 2,958 D 3.847 4,944 5,634 7,011 8,418 8.380 8,193 9,371 10,513

Other machinery, except electrical 351-56,358-59 1,532 D 2,277 2,283 2,277 2,301 2,303 2,321 2,384 2,621 2,683

Electrical equipment 36 4,515 5,431 6,409 6,682 8,158 9,037 9,271 9,767 10,449 10,872 11,546

Radio arid TV receiving eq.,iipment 365 192 346 358 364 324 362 350 133 139 139 85

Communication equipment 366 2049, 2,367 2,975 3,555 4,500 5,147 5,174 5,117 5,455 5,675 5,842

Electronic components 367 D 1.165 1,212 1,342 1,810 2,354 2,826 3.357 3,630 3,879 4,362

Other electrical equipment 361-64,369 D 1,553 1,864 1,421 1,524 1,174 921 1,160 1,225 1,179 1,257

Transportation equipment 37 D 6.958 7.739 8,621 8.991 10,406 12,092 13,567 13,462 14,162 15,100

Motor vehicles and motor vehicles equipment 371 3,780 4,300 4,219 4,321 4,754 5,384 6,164 7,171 7,167 7,769 8,726

Other transpoilation equipment 373-75.379 80 114 227 258 279 330 356 370 354

Aircraft and missiles 372,376 2,201 2,570 3,440 4,186 4,010 4,764 5,649 6,066 5,939 6,023 6,020

Professional and scientific instruments 38 2,012 2.456 2,978 3,407 3,816 4,211 4,622 4,752 4.950 5.306 5.638

Scientific. and mechanical measuring instruments
Optical curgical. photographic. and other

instruments

381-82

383-87

747

1,265

1,001

1,454

1,235

1,743

1,363

2,044

1,605

2,211

1,671

2,540

1,596

3,026

1,521

3,231

1,598

3,352

1,710

3,596

1,858

3,780

co

cI7
Tc

Distribution by size of company'
Leyr, thon 500 1,375 1,711 1,880 2,411 3,781 3,781 5,127 6,203 6.200

500 999 D 1,341 1,531 1,765 1.610 1,517 1,613 co

1.000 4 999 1.893 2.257 2.5% 3,241 3,438 4,618 5,249 6,243 6,281 6.441 6,730
Tc

5.000 9.999 1,463 1.596 2.369 2,224 2,080 2,764 3,350 3,455 3.753 4.322 4.662 -1

10.000 24 .999 4.012 4.867 5,537 6.448 7.228 8.546 8 366 8,489 9.681 9,668 9.187

2:).000 or more 16,965 20.045 23.056 25,781 28,061 30,354 33,421 33,778 33,878 37,249 41,535

(continued)



Appendix table 6-18.
Company and other (except Federal) funds for industrial R&D performance, by industry and size of company: 1979-89
(page 2 of 3)

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Millions of constant 1982 dollars'

TOTAL All 32,720 35,553 37,705 40,105 42,931 47,716 51,413 52,655 52,289 54,053 55,604

High-technology manufacturing industries 28,36,372,376,38 11,109 12,199 13,652 14,275 15,390 16,720 17,613 18,086 18,171 18,298 18,371

Other manufacturing industries Other mfg SICs 20,518 22,144 22,938 24,358 25,534 27,977 29,833 30,405 29,738 31.338 32,834

Nonmanufacturing industries 10-11,14-17,40- 1,093 1,210 1,115 1,472 2,007 3,019 3,967 4,164 4,380 4,418 4,399

42,44-51,53-54,
56.60,62-63,72-
73,78,806-07,87

Distribution by manufacturing industry
Chemicals and allied products 28 4,699 4,974 5.540 6,197 6,540 7,181 7,490 7,612 8,043 8,714 9,064

Industrial chemicals 281-82,286 2,058 2,165 2.547 2,810 2,723 2,838 2,957 2,964 3,007 3,101 3,145

Drugs and medicines 283 D 2,197 2,473 2,788 3,072 3,137 3,213 3,487 3,909 4,122

Other chemicals 284-85,287-89 762 795 914 1,028 1,271 1,395 1,435 1,549 1,704 1,798

Petroleum refining and extraction 13,29 1,411 1,634 1,894 2,003 1,99/ 2,084 1,977 1,732 1,604 1,585 1,623

Rubber prod. cts 30 D D 636 617 614 623 594 575 508 523 538

Stone. clay, and glass products 32 D D 437 472 564 654 744 827 839 681 682

Primary metals ,3 686 693 747 711 675 634 658 691 605 529 581

Fabricated metal products 34 527 584 580 565 610 718 703 703 539 566 517

Machinery 35 5,715 6,129 6,518 7,227 7,617 8,644 9,663 9,402 9,007 9,884 10,463

Office. computing, and accounting machines . 357 3,765 D 4,094 4,944 5,425 6.508 7,587 7,363 6,977 7,724 8,339

Other machinery, except electrical 351-56,358-59 1,950 D 2,423 2,283 2,192 2,136 2,076 2,039 2,030 2,160 2,124

Electrical equipment 36 5,746 6,336 6,821 6.682 7,855 8,389 8,356 8,581 8,898 8,961 9,141

Radio and TV receiving equipment 365 244 404 381 364 312 336 315 117 118 115 67

Communication equipment 366 2,608 2,761 3,166 3,555 4,333 4,778 4,663 4,496 4,645 4,677 4,625

Electronic components 367 D 1,359 1,290 1,342 1,743 2,185 2,547 2,949 3,091 3,197 3,453

Other electrical equipment 361-64,369 D 1,812 1,984 1,421 1,467 1,090 830 1,019 1,043 972 995

Transportation equipment 37 D 8,117 8,236 8,621 8,657 9.659 10,899 11,920 11,464 11.672 11,955

Motor vehicles and motor vehicles equipment 371 4,811 5,016 4,490 4,321 4,577 4,998 5,556 6,300 6,103 6,403 6,908

Other transportation equipment 373-75.379 85 114 219 239 251 290 303 305 280

Aircraft and missiles 372,376 2.801 2,998 3,661 4,186 3,861 4,422 5,091 5,329 5,057 4,964 4.766

Professional and scientific instruments 38 2,561 2.865 3.169 3,407 3,674 3,909 4,166 4,175 4,215 4,373 4,464

Scientific and mechanical measuring instruments 381-82 951 1,168 1,314 1.363 1,545 1,551 1,438 1,336 1,361 1,409 1,471

Optical. surgical, photographic. and other
instruments 383-87 1,610 1,696 1,855 2,044 2,129 2,358 2,727 2,839 2,854 2,964 2,993

Distribution by size of company'
Less than 500 1,750 1996, 2,001 2,411 3,640 3,510 4,621 5,450 5.280

500 999 1,245 1,380 1,551 1,371 1,250 1.27/

1.000 999 2.409 2.633 2,752 3,241 3,310 4,287 4,731 5.485 5.349 5.309 5,328

).000 - 9.999 1,862 1,862 2,521 2,224 2003, 2.566 3,019 3,035 3,196 3,562 3,691

511 512

(continued)



Appendix table 6-18.
Company and other (except Federal) funds for industrial R&D performance, by industry and size of company: 1979-89
(page 3 of 3)

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

10,000 - 24,999
25.000 or more

E 106
21,592

5,678
23,384

5,893
24,538

6,448
25,781

6,959
27,018

7,933
28,176

7,540
30,123

7,458
29,677

8,244
28.850

7,968
30,701

7,273
32,883

D = withheld to avoid disclosing operations of individual companies

S = withheld because of imputation of more than 50 percent

NOTE: Company funds include all funds for industrial R&D work performed within company facilities from all sources except the Federal Government. The sources of funds may comprise those from outside organizations
such as research institutions, universities and colleges, other nonprofit organizatir -.3, other companies, and state governments, as well as companies' own. Company-financed R&D not performed within the company is

excluded

'Distribution is based on number of employees.

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars.

SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Researcn and Development ln Industry:1989, NSF 91-302(Washington, DC: NSF, 1991).

See figure 6-14. Science & Engineering Indicators - 1991



Appendix table 6-19,
Share of R&D funding provided by the Federal Government in selected industries: 1979-89
(wage 1 of 2)

z
cb

Industry and company size SIC code 1979 198J 1981 1982 1983 1984 1985 1986 1987 1988 1989 rT)z
(9.

Percent

TOTAL All 32.7 31.5 31,6 31.6 31,7 31.3 32,3 31.8 33.4 33.0 30.9

High-technology manufacturing industries 28,36,372,276,38 44.6 43.5 42.8 43.0 42.4 43.0 44.5 41.5 44.2 43,8 42.0

Other manufacturing industries Other mfg SICs 12.9 11.6 11,0 10,4 11.9 9.4 9.2 14.7 12.6 12.7 10.7

Nonmanufacturing industries 10-11,14-17,40- 44.2 42.9 45.0 40.5 37.5 33.7 34.5 36.3 34.4 33.9 32.8

42,44-51,53-54,
56,60,62-63,72-
73,78,806-07,87

Distribution by manufacturing Industry
Chemicals and allied products 28 8.6 8.0 7.5 6.2 5,5 2 4 2.7 2.0 2.0 1.8 0.8

Industrial chemicals 281-82,286 17.6 15,5 14.6 12.4 12.0 5.6 6.2 5.0 5.0 5.0 2.1

Drugs and medicines 283 D D D D D D D 0.0 D 0.1 D

Other chemicals 284-85,287-89 D D D D D D D D D D D

Petroleum refining and extraction 13,29 12,1 9.7 D D D D D D 0.7 1.1 D

Rubber products 30 D D D D 0 D D D D D D

Stone, clay, and glass products 32 D 0 D D D D D 0,9 1.0 D D

Primary metals 33 15.0 18,5 20.0 28,0 35.4 D D D 2.6 3.2 4,4

Fabricated metal products 34 9.0 8.9 12,8 9.6 9.6 8.2 5.9 10.6 19.2 17.1 17.1

Machinery 35 6.9 11.0 10.2 10.5 12.4 11.3 12.2 D D 0 D

Office, computing, and accounting machines 357 8.0 D D D D D D D D D D

Other machinery, except electrical 351-56,358-59 4.9 D D D D D D 3.1 1.8 3.6 3.8

Electrical equipment 36 42.3 40,8 38.0 38.8 35.7 34.4 35.8 34.8 34,1 33.1 31.1

Radio and TV receiving equipment 365 21.6 37,8 D D D D D D D D D

Communication equipment 366 43.6 41,2 37.5 39.1 38.3 40.7 44,9 47.1 46.4 44,9 44.4

Electronic components 367 D 24.7 22.9 22.9 16,6 16.8 16.5 D 15,3 15.8 10.7

Other electrical equipment 361-64,369 D 49.0 D D D D D D 1.1 1.8 2.6

Transportation equipment 37 D D D D D D D 56.6 60.7 61.0 59.0

Motor vehicles and motor vehicles equipment 371 16,2 13.2 12.2 9,9 10,6 11.1 11.7 0 D D D

Other transportation equipment 373-75,379 D D D D D D D D D D D

Aircraft and missiles 372,376 72.6 72.1 71.3 71.0 74.0 74.7 74.6 71.2 75.7 763 76.5

Professional and scientific instruments 38 19.7 18.9 17,6 13,3 10,5 8.5 7.8 6.9 5.2 2.2 2.2

Scientific & mechanical measuring instruments, . . 381-82 21.4 25,9

Optical, surgical, photographic, and other
instruments 383-87 18.6 13.3 D D D D D D D 2.6 3.0

5 .1 t 51f,

(continued)



Appendix table 6-19.
Share of R&D funding provided by the Federal Government in selected industries: 1979-89
(page 2 of 2)

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Percent
Distribution by size of company'
Less than 500 22.1 17.1 18.4 17.8 14.5 14.1 12.6 12.3 13.4 D 12.6

500 999 D D D D D 6.8 7.1 7.2 6.7 8.4 6.1

1,000 4,999 23.8 16.4 17.9 16.1 17.7 16.3 15.9 16.4 13.5 15.2 14.2

5,000 9.999 13.5 21.3 20.7 19.2 25.7 15.0 16.7 18.7 16.6 17.5 14.8

10,000 24,999 22.7 19.1 18.1 18.8 23.9 24.7 24.7 19.1 19.6 15.7 11.9

25.000 or more 37.4 36.8 37.0 37.4 36.8 37.8 39.6 40.7 43.0 42.4 39.5

D . withheld to avoid disclosing operations of individual companies

Distribution is based on number of employees.

SOURCE- Science Resources Studies Division, National Science Foundation, Selected Data on Research and Developme,..1n Industry:1989, NSF 91-302 (Washington, DC:NSF, 1991).

See figum 6-15 Science & Engineering Indicators - 1991



Appendix table 6-20.
Company-financed R&D performed outside the United States by U.S. domestic companies and their foreign subsidiaries: 1979-89 cbz

co

rnz
(Q.
z
co
co

z

;

-C7

LE)

SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

ALL INDUSTRIES

Chemicals and allied products
Drugs and medicines

Stone, clay, and glass products
Primary metals
Fabricated metal products
Machinery

Electrical equipment .
Communication equipment
Electronic comporents

Transportation equipment
Aircraft and missiles

Professional and scientific instruments

Nonmanufactunng

All

28
283

32
33
34
35

36
366
367

37
372,376

38

10-11,14-17,40-
42,44-51,53-54,
56,60,62-63,72-
73,78,806-07,87

9.7

11.9
D

D

2.0
D

10.6

9.0
D

D

D

D

7.2

0.6

9.4

12.4
D

D

1.8

D

10.2

7.7
D

2.4

12.8

D

7.0

0.7

8.7

12.1

17.2

4.2
1.3

5.2

9.1

6.9
D

3.2

10.3
D

7.2

0.8

7.2

9.9
12.8

2.1

1.3
4.2
6.4

6.5
D

2.8

8.9
D

6.5

0.5

Percent
6.8

9.7
11.1

3.1

1.4

3.5
6.8

5.6
D

0.0

8.9
D

D

0.5

6.6

9.2
10.8

7.8

1.3

2.6
7.4

5.6

D

3.8

8.0
D

5.9

0.2

6.0

9.2
10.3

D

D

2.6
6.0

6.0
D

4.0

7.8
D

3.5

0.4

7.2 7.8

11,0 11.6

11.9 13.1

D D

D 2.5
3.1 5.9

8.2 10.4

S 4.0
D 3.3

4.3 5.3

D D

2.9 3.8

4.3 6.0

0.6 1.2

8.8

12.4
13.2

D

3.6
D

10.2

5.8
5.6
6.7

11.3
5.2

6.9

1.7

8.5

10.1 ;

13.5 i.
D

3.0
D

9.9

5.1

4.5

5.3

12.2

9.2

7.3

1.6

D withheld to avoid disclosing operations of individual companies

S withheld because of imputation of more than 50 percent

SOURCE Science Resources Sciences Division, National Science Foundation, Selected Data on Research and Development in Industry: 1989, NSF 91-302 (Washington, DC: NSF, 1991).

See figure 5-16.
Science & Engineering Indicators - 1991
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Appendix table 6-21.
U.S. patents granted, by nationality of inventor and year of grant: 1963-90

Total 1963-76 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

TOTAL 1,902,916 924,876 65,263 66,098 48,850 61,810 65,766 57,882 56,855 67,186 71,649 70,778 82,860 77,799 95,262 89,982

U.S. origin 1,227,516 674,289 41,480 41,251 30,076 37,351 39,221 33,891 32,867 38,354 39,549 38,078 43,462 40,416 50,036 47,195

U.S. corporations owned 882,489 486,886 29,561 29,418 21,143 25,963 27,621 24,081 24,037 27,997 28,943 27,305 31,267 29,267 35,717 33,283

U.S. Government owned 38,244 23,268 1,484 1,233 961 1,232 1,116 1,003 1,044 1,229 1,125 1,013 973 728 865 970

U.S. individuals owned 300,270 161,580 10,249 10,399 7,803 9,939 10,240 8,538 7,558 8,881 9,245 9,453 10,853 10,066 12,989 12,477

Foreign owned 6,513 2,555 186 201 169 217 244 269 228 247 236 307 369 355 465 465

Foreign origin 675,400 250,587 23,783 24,847 18,774 24,459 26,545 23,991 23,988 28,832 32,100 32,700 39,398 37,383 45,226 42,787

U.S. owned 53,798 25,013 1,968 1,962 1,364 1,694 1,839 1,715 1,658 2,029 2,268 2,166 2,442 2,146 2,848 2,686

Foreign owned 621,602 225,574 21,815 22,885 17,410 22,765 24,706 22,276 22,330 26,803 29,832 30,534 36,956 35,237 42,378 40,101

Foreign corporations 512,515 175,152 17,880 18,873 14,446 18,662 20,546 18,587 19,020 22,988 25,716 26,223 31,977 30,575 36,937 34,933

Foreign governments 7,667 2,553 215 249 186 253 249 369 336 438 482 477 551 453 443 413

Foreign individuals 101,420 47,869 3,720 3,763 2,778 3,850 3,911 3,320 2,974 3,377 3,634 3,834 4,428 4,209 4,998 4,755

Foreign origin 675,400 250,587 23,783 24,847 18,774 24,459 26,545 23,991 23,988 28,832 32,100 32,700 39,398 37,383 45,226 42,787

European Community 337,183 149,763 12,316 12,646 9,538 12,198 12,934 11,346 10,937 12,729 13,826 13,877 16,246 15,080 17,684 16,063

Japan 203,580 43,481 6,217 6,910 5,250 7,124 8,387 8,149 8,792 11,109 12,743 13,198 16,539 16,137 20,100 19,444

West Germany 152,706 63,310 5,537 5,850 4,527 5,745 6,250 5,408 5,423 6,254 6,665 6,795 7,815 7,300 8,286 7,541

United Kingdom 73,534 38,901 2,654 2,722 1,910 2,406 2,475 2,134 1,931 2,271 2,495 2,408 2,777 2,581 3,091 2,778

France 57,500 25,094 2,108 2,119 1,604 2,088 2,181 1,975 1,895 2,162 2,398 2,365 2,868 2,655 3,134 2,854

Switzerland 32,935 14,679 1,219 1,226 862 1,081 1,135 990 1,000 1,206 1,340 1,311 1,593 1,488 1,957 1,848

Canada 32,628 15,388 1,346 1,330 1,025 1,265 1,239 1,147 1,017 1,174 1,233 1,208 1,373 1,244 1,358 1,281

Sweden 20,835 8,179 756 725 596 805 883 752 625 794 919 995 1,183 1,075 1,291 1,257

Italy 20,422 9,500 862 826 573 822 766 685 623 701 857 883 948 776 834 766

The Netherlands 18,283 7,902 708 659 525 654 641 618 626 726 766 721 921 805 1,060 951

Belgium 6,869 3.242 255 264 185 244 263 224 205 240 240 242 294 302 357 312

USSR 6,580 3,128 394 412 354 460 P73 209 222 214 147 116 121 96 160 174

Hungary 1,909 505 80 66 63 87 98 112 106 111 108 131 127 94 129 92

East Germany 690 53 26 24 19 35 52 59 54 68 53 53 64 46 50 34

Taiwan 3,072 52 52 29 38 65 80 88 65 98 174 208 343 457 592 731

South Korea 807 51 5 12 4 8 15 14 26 29 39 45 84 95 157 224

Hong Kong 527 139 9 21 13 27 33 18 14 24 25 30 34 41 47 52

SOURCL. Patent and Trademark Office. Patenting Trends in the United States. 1963-1989 (Washington, DC: August 1990).

See figures 6-17. 6-18. and 6-19. and figure 0-21 in OvervieW.
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Appendix table 6-22.
U.S. patents granted, by nationality of inventor and year of atr.rlication: 1963-90

1987 1988 1989 1990

Total 1963-75 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 (est.) (est.) (est.) (est.)
(Q.

TOTAL 1,938,213 970,998 65,770 65,938 65,567 65,658 66,410 63,755 64,787 61,164 66,254 69,796 71,859 75,825 80,009 84,424 89,083

u.S. origin 1,235,891 702,113 41,615 40,811 39,618 38,951 38,887 36,720 36,434 34,252 35,778 36,719 37,017 37,987 38,983 40,005 41.054

U S. corporations owned. . 889,561 507,214 29,130 28,504 27,721 27,320 27,624 26,740 27,018 25,336 26,155 26,806 26,754 27,244 27,743 28,251 28,769 Q.

U.S. Government owned . .

U.S individuals owned . .

37,849
302,391

24,520
167,706

1,347
10,943

1,181

10,901

1,203
10,464

1,089
10,281

1,140
9,845

1,173
8,553

1,203
7,962

986
7,680

913

8,418
833

8,780
676

9,273
596

9,874
526

10,515
463

11,196
409

1 Er
11,922

Foreign owned 6,622 2,673 195 225 230 261 278 254 251 250 292 300 314 339 366 394 426

(4)
Foreign origin 702,323 268,885 24,155 25,127 25,949 26,707 27,523 27,035 28,353 26,912 30,476 33,077 34,842 37,837 41,026 44,419 48,029

U.S. owned 54,409 26,461 1,830 1,862 1,847 1,861 1,986 1,878 2,013 1,953 2,067 2,050 2,082 2,127 2,173 2,220 2,267

Foreign owned 649,291 242,424 22,325 23,265 24.102 24,846 25,537 25,157 26,340 24,959 28,409 31,027 32,760 35,869 39,272 42,999 47,080

Foreign corporations . . 536,895 189,140 18,232 19,135 19,801 20,468 21,447 21,424 22,845 21,564 24,448 27,023 28,444 31,194 34,211 37,519 41,147

Foreign governments. . 8,070 2,728 238 265 283 270 411 384 428 407 456 425 431 439 448 456 465

Foreign individuals. . . 104,374 50,556 3,855 3,865 4,018 4,108 3,679 3,349 3,067 2,988 3,505 3,579 3,885 4,240 4,628 5,051 5,513

Foreign origin 702,323 268,885 24,155 25,127 25,949 26,707 27,523 27,035 28,353 26,912 30,476 33,077 34.842 37,837 41,026 44,419 48,029

European Community. . . . 349,096 159,469 12,242 12,685 13,041 12,922 12,933 12,195 12,295 11,551 12,982 13,611 14,201 15,213 16,297 17,459 18,703

Japan 216,252 48,271 6,576 7,078 7,475 8,414 9,557 10,009 11,300 10,734 12,316 14,099 14,856 16,556 18,450 20,561 22,913

West Germany 159,135 67,655 5,572 5,969 6,190 6,135 6,176 6.050 5,983 5,473 6,208 6,694 6,889 7,438 8,031 8,671 9,363

United Kingdom 74,767 41,056 2,620 2,636 2,524 2.497 2,371 2,197 2,203 2,143 2.336 2,354 2,347 2,419 2,494 2,570 2,650

F rance 59,450 26,726 2,128 2.099 2,272 2,223 2,301 2,072 2,125 2,068 2,224 2,317 2,481 2,636 2,801 2,976 3,163

Swit1erland 33,678 16,460 1,321 1,319 1,358 1,236 1,261 1,131 1,121 1,040 1,131 1,130 1,201 1,260 1,322 1,387 1,455

Canada 33,285 15,387 1,206 1,228 1,172 1,210 1,124 1,157 1,107 1,088 1,284 1,281 1,351 1,452 1,561 1,678 1,803

Swden 20,858 10,133 856 843 805 824 748 689 671 739 804 778 741 742 742 743 744

22,196 8,736 747 766 808 918 856 715 798 722 939 932 1,069 1,218 1,389 1,583 1,804

The Netherlands 18,635 8,444 655 704 709 649 717 670 702 642 715 747 755 797 841 888 937

E3elgium 7,268 3.479 241 230 267 239 246 231 213 214 238 253 298 333 372 415 463

USSR 6,521 3,427 427 449 466 367 246 251 182 115 95 94 105 102 99 96 93

Hungary 1,969 576 77 84 74 103 123 122 112 105 116 104 97 94 92 90 87

East Germany 784 77 19 33 30 60 63 67 62 38 56 48 50 55 60 66 72

Taman 3,750 81 44 36 68 85 99 65 118 116 158 250 349 504 727 1,050 1,516

South Korea 801 56 8 8 8 1 1 17 22 36 37 33 69 80 103 134 173 224

h long Kong 574 147 13 28 27 21 28 14 24 ?2 22 24 38 46 55 66 79

!-',0t1f10E: F'atent and Trademark Office Patenting Trends in the United States, 1963-1989 (Washington, DC: August 1990).

Set; figures 6-17 and 6-19
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Appendix A. Appendix Tables

Appendix table 6-23.
Patent classes most and least emphasized by U.S. corporations patenting in the United States: 1980 and 1989

Patent class

Class
number

Activity index

1980 1989

Most emphasized classes

Mineral oils: processes and products 208 1.775 1.919

Chemistry, hydrocarbons 585 1.748 1.896

Wells 166 1.692 1.857

Chemistry, lignins or reaction products thereof 530 1,181 1,604

Catalyst, solid sorbent, or support therefor, product 502 1.520 1.539

Communications, electrical: Acoustic wave system and devices 367 0.911 1.485

Communication, directive radio wave systems & devices 342 0.991 1.482

Chemistry: Analytical and immunological testing 436 1.432 '1.469

Part of the class 520 series.-synth. resins or natural rubber 525 1.364 1.468

Electrical connectors 439 1.623 1.455

Chemistry: Molecular biology and microbiology 435 1,090 1,438

Induced nuclear reaction, systems and elements 376 0.910 1.374

Chemistry, electrical current producing apparatus, prod. & proc. 429 1.300 1.372

Semiconductor device manufacturing: Process 437 1.554 1.342

Electricity, conductors and insulators 174 1.295 1.335

Error detection/correction and fault detection/recovery 371 1.318 1.326

Drug, bio-affecting and body treating compositions 424 0.920 1.324

Part of the class 520 series-synth. resins or natural rubber.. 521 1.217 1.322

Amplifiers 330 1.231 1.321

Part of the class 520 series-synth. resins or natural rubber.. 524 1.291 1.293

Least emp Asized classes

Fishing, trapping and vermin destroying 43 0.328 0.360

Dynamic information storage or retrieval 369 0.760 0.368

Baths, closets, sinks and spittoons 4 0.617 0.467

Fluid: Pressure brake and analogous systems 303 0.619 0.481

Photography 354 0.526 0.484

Photocopying 355 0.932 0.487

Ships 114 0.514 0.497

Land vehicles 280 0.555 0.508

Amusement devices, games 273 0.436 0.509

Motor vehicles 180 0.794 0.515

Internal-combustion engines 123 0.491 0.555

Amusement and exercising devices 272 0.312 0.568

Package and article carriers 224 0.333 0.583

Optics, eye examining, vision testing and correcting 351 0.952 0.606

Beds 5 0.631 0.611

Animal husbandry 119 0.582 0.614

Pictorial communication; television 358 0.962 0.619

Endless belt power transmission systems and components 474 0.766 0.625

Typewriting machines 400 1.145 0.626

Bleaching and dyeing; Fluid treatment and chem. modification 8 0.612 0.629

NOTES: The activity index is the percentage of the patents in a class that are granted to U.S. inventors, divided by the percentage of all patents that have U.S.

inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patentsfrom all countries in 1989.

SOURCE: Office of Information Systems, TAF Program. Patent and Trademark Office. "Country Activity Index Report, Corporate Patenting 1989," report prepared

for the National Science Foundation (Washington. DC: October 1990).
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Appendix table 6-24.
Patent classes most and least emphasized by Japanese inventors patenting in the United States: 1980 and 1989

Patent class
Class

number

Activity index

1980 1989

Most emphasized classes

Photocopying 355 2.776 3.581

Photography 354 4.606 3.324
Dynamic Information storage or retrieval 369 3.372 3.320
Dynamic magnetic information storage or retrieval 360 3.235 2.966
Radiation imagery chemistry-process, composition or products 430 3.332 2.760

Pictoral communication; television 358 2.587 2.744
Typewriting machines 400 1.388 2.622

Static information storage and retrieval 365 1.236 2.458
Recorders 346 2.170 2.406

Motor vehicles 180 1.091 2.246

Image analysis 382 2.082 2.059
Internal-combustion engines 123 3.106 1.941

Active solid state devices, e.g., transistors, solid st. diodes. 357 2.061 1.939

Registers 235 1.122 1.749

Coherent light generators 372 0.349 1.737

Compositions: Ceramic 501 2.297 1.698

Metal treatment 148 2.568 1.690

Electricity, motive power systems 318 1.746 1.675

Clutches and power-stop control 192 1.614 1.671

Endless belt power transmission systems and components 474 2.255 1.645

Least emphasized classes

Wells 166 0.000 0.000
Boring or penetrating the earth 175 0.064 0.000
Apparel 2 0.062 0.035

Aeronautics 244 0.096 0.035
Amusement and exercising devices 272 0.193 0.087

Ammunition and explosives 102 0.063 0.088
Animal husbandry 119 0.228 0.093
Locks 70 0.146 0.112
Ships 114 0.382 0.118
Baths, closets, sinks and spittoons 4 0.053 0.137

Card, picture and sign exhibiting 40 0.233 0.141

Package and article carriers 224 0.000 0.144
Tools 81 0.238 0.147
Beds 5 0.115 0.165
Static structures, e.g., buildings 52 0.091 0.169

Bottles and jars 215 0.378 0,169
Fishing, trapping and vermin destroying 43 0.347 0.191

Prothesis (i.e.. artificial body members), parts or aids 623 0.446 0.206

Mineral oils: Processes and products 208 0.505 0.249
Chemistry: Analytical and immunological testing 436 0.587 0.250

NOTES: The activity index is the percentage of the patents in a class that are granted to Japanese inventors, divided by the percentage of all patents that have
Japanese inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989.

SOURCE: Office of Information Systems. TAF Program, Patent and Trademark Office, "Country Activity Index Report, Corporate Patenting 1989," report prepared
for the National Science Foundation (Washington, DC: Octcher 1990).

Science & Engineering Indicators - 1991



Appendix A. Appendix Tables

Appendix table 6-25.
Patent classes most and least emphasized by West German inventors patenting in the United States: 1980 and 1989

Patent class
Class

number

Activity index

1980 1989

Most emphasized classes

Fluid-pressure brake and analogous systems 303 2.329 4.655

Bleaching and dyeing; Fluid treatment and chem. modification 8 3.510 2.919

Ammunition and explosives 102 1.248 2.895
Part of the class 532-570 series-organic compounds 544 1.455 2.802

Printing 101 2.068 2.660

Part of the class 532-570 series-organic compounds 560 1.485 2.582

Bearing or guides 384 2.648 2.507

X-ray or gamma ray systems or devices 378 2.783 2.391

Solid material comminution or disintegration 241 1.460 2.248

Part of the class 532-570 series-organic compounds 568 1.877 2.222

Spring devices 267 1.254 2.183

Chemistry, fertilizers 71 1.156 2.176

Part of the class 520 series-synth. resins or natural rubber 526 1.269 2.144

Glass manufacturing 65 0.793 2.105

Part of the class 520 series-synth. resins or natural rubber 528 2.043 2.030

Part of the class 532-570 series-organic compounds 548 1.202 2.019

Metal deforming 72 1.391 1.908

Part of the class 532-570 series-organic compounds 546 1.919 1.879

Part of the class 520 series-synth. resins or natural rubber 521 2.263 1.836

Induced nuclear reaction, systems and elements 376 1.902 1.817

Least emphasized classes

Amusement devices, games 273 0.150 0.018

Fishing, trapping and vermin destroying 43 0.000 0.032

Beds 5 0.076 0.054

Wells 166 0.096 0.089

Amusement and exercising devices 272 0.170 0.115

Photocopying 355 1.126 0.116

Amusement devices, toys 446 0.208 0.120

Animal husbandry 119 0.181 0.123

Package and article carriers 224 0.575 0.127

Apparel 2 0.328 0.231

Image analysis 382 0.499 0.239

Communications, directive radio wave systems and devices 342 0.546 0.263

Ships 114 0.360 0.266

Recorders 346 0.911 0.284

Mineral oils: Processes and products 208 0.374 0.288

Surgery 604 0.348 0.312

Card, picture and sign exhibiting 40 0.189 0.319

Oynamic magnetic information storage or retrieval 360 0.660 0.319

Coded data generation or conversion 341 0.793 0.324

Stoves and furnaces 126 0.343 0.327

NOTES: The activity index is the percentage of the patents in a class that are granted to West German inventors, divided by the percentage ofall patents that have
West German inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989.

SOURCE: Office of Information Systems. TAF Program, Patent and Trademark Office, "Country Activity Index Report, Corporate Patenting 1989," report prepared for
the National Science Foundation (Washington, DC: October 1990).
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Appendix table 6-26.
Patent classes most and least emphasized by French inventors patenting in the United States: 1980 and 1989

435

Patent class
Class

number

Activity index

1980 1989

Most emphasized classes

Bleaching and dyeing: Fluid treatment and chem. modification 8 2.195 4.794
Induced nuclear reaction, systems and elements 376 1.621 3.239
Spring devices 267 0.935 3.122
Boring or penetrating the earth 175 1.520 3.107
Communication, electrical: Acoustic wave systems and devices 367 1.389 2.914

Glass manufacturing 65 1.520 2.479
Part of the class 532-570 series-organic compounds 568 1.264 2.469
Land vehicles 280 1.159 2.413
Brakes 188 2.379 2.304
Part of the class 520 series--synth. resins or natural rubber 526 1.548 2.234

Part of the class 532-570 series-organic compounds 562 1.242 2.281

Multiplex communication 370 1.949 2.273
Pipe joints or coun;i4s 285 1.243 2.200
Electricity, circuit makers and breakers 200 0.646 2.049

Metal founding 164 2.473 2.026

Package making 53 1.242 2.012
Expanded, threaded, headed, and driven fasteners-locked 411 1.338 1.958

Clutches and power-stop control 192 2.279 1.943

Registers 235 4.118 1.943

Part of the class 532-570 series-organic compounds 560 0.591 1.901

Drug, bio-affecting and body treating compositions 424 1.753 1.896

Least emphasized classes

Photography 354 0.000 0.000
Package and article carriers 224 0.000 0.000
Fishing, trapping and vermin destroying 43 0.390 0.000
Baths, closets, sinks and spittoons 4 0.207 0.000
Amusement and exercising devices 272 0.000 0.112

Photocopying 355 0.240 0.113
Land vehicles, bodies and tops 296 0.644 0.117
Dynamic magnetic information storage or retrieval 360 0.918 0.123

Radiation imagery chemistry-process, composition or product 430 0.317 0.135
Coherent light generators 372 0.548 0.154

Stoves and furnaces 126 0.472 0.160

Tools 81 0.623 0.164

Solid material comminution or disintegration 241 1.089 0.170

Amusement devices. toys 446 0.000 0.177

Animal husbandry 119 0.180 0.181

Amusement devices, games 273 0.224 0.210

Cutlery 30 0.183 0.259

Apparel 2 0.000 0.272
Electricity, conductors and insulators 174 0.784 0.284

Printing 101 1.410 0.285

Dentistry 433 1.013 0.296

NOTES: The activity index is the percentage of the patents in a class that are granted to French inventors, divided by the percentage of all patents that have French
inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989.

SOURCE: Office of Information Systems. TAF Program. Patent and Trademark Office, -Country Activity Index Report. Corporate Patenting 1989." report prepared for
the National Science Foundation (Washington, DC: October 1990).

Science & Engineering Indicators 1991

5.1c



436 Appendix A. Appendix Tables

Appendix table 6-27.
Patent classes most and least emphasized by British inventors patenting in the United States: 1980 and 1989

Patent class
Class

number

Activity index

1980 1989

Most emphasized classes

Drug, bio-affecting and body treating compositions 514 2.756 2.890

Aeronautics 244 0.775 2.749

Communications, directive radio wave systems and devices 342 1.342 2.301

Sheet feeding or delivering 271 0.829 2.279

Brakes 188 2.288 2.254

Compositions, coating or plastic 106 2.148 2.139

Closure fasteners 292 0.401 2.073

Dispensing 222 0.852 1.995

Coded data generation or conversion 341 0.835 1.917

Telecommunications 455 0.881 1.912

Classifying. separating and assorting solids 209 1.490 1.905

Spring devices 267 0.000 1.873

Multiplex communications 370 1.148 1.820

Part of the class 532-570 series-organic compounds 546 0.404 1.820

Power plants 60 2.192 1.801

Optics, systems and elements 350 1.660 1.792

Glass manufacturing 65 2.506 1.788

Communications, radio wave antennas 343 0.409 1.762

Chemistry, fertilizers 71 1.539 1.752

Drug, bio-affecting and body treating compositions 424 2.674 1.725

Least emphasized classes

Amusement devices, toys 446 0.256 0.000

Dentistry 433 0.278 0.000

Cleaning and liquid contact with solids. 134 0.481 0.000

Baths, closets, sinks and spittoons 4 0.513 0.000

Fishing, trapping and vermin destroying 43 0.000 0.086

Electric power conversion systems 363 1.583 0.128

Error detection/correction and fault detection/recovery 371 1.398 0.136

Amusement devices, games 273 0.308 0.146

Beds 5 0.560 0.149

Tools 81 0.257 0.152

Dynamic information storage or retrieval 369 1.262 0.159

Photography 354 0.258 0.168

Endless belt power transmission systems and components 474 0.000 0.174

Amusement and exercising devices 272 0.000 0209.

Winding and reeling 242 0.250 0.238

Part of the class 520 series-synth. resins or natural rubber 525 0.526 0.260

Dynamic magnefic information storage or retrieval 360 0.216 0.265

Static information storage and retrieval 365 1.002 0.286

Chairs and seats 297 1.032 0.303

Supports 248 0.545 0.315

NOTES: The activity index is the percentage of the patents in a class that are granted to British inventors, divided by the percentage of all patents that have British
inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 198P

SOURCE: Office of Information Systems. TAF Program. Patent and Trademark Office, "Country Activity Index Report, Corporate Patenting 1989." report prepared
for the National Science Foundation (Washington, DC: October 1990).
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Appendix table 6-28.
Patent classes most emphasized by inventors from Taiwan patenting in the United States: 1980 and 1989

Patent class

Class
number

Achvity index

1980 1989

Locks 70 0.000 14 442

Telephonic communications 379 0.000 14 118

Cutlery 30 0.000 12 870

Image analysis 382 0.000 8 759

Valves and valve actuation 251 0.000 8.016

Semiconductor device manufacturing process 437 0.000 6 793
Illumination 362 0.000 6.320
Part of the class 532-570 series-organic compounds 568 0.000 6 142

Chairs and seats 297 0.000 5 421

Closure fasteners 292 0.000 4.637

Part of the class 532-570 series-organic compounds 546 69.304 4 441

Baths, closets, sinks and spittoons 4 0.000 4 420

Amusement devices, toys 446 131.530 4 400

Internal-combustion engines 123 0.000 4.359

Optics, eye examining, vision testing and correcting 351 0.000 4.359

Miscellaneous hardware 16 0.000 4 319

Tools 81 0.000 4 077

Receptacles 220 0.000 3 941

Bearing or guides 384 0.000 3.909

Cutting 83 0.000 3.893

Electricity, conductors and insulators 174 0.000 3 530

Electric lamp and discharge devices, systems 315 0 000 3 465

Ships 114 0.000 3 251

Registers 235 0 000 3 022

Abrading 51 0.000 2.841

Amusement and exercising devices 272 0 000 2 799

Metal treatment 148 0.000 2.726

Pulse or digital communications 375 0.000 2 695

Package making 53 0.000 2 635

Amusement devices, games 273 0.000 2 613

Brushing, scrubbing and general cleaning 15 0.000 2.606

Special receptacle or package 206 0.000 2 553

Fishing, trapping and vermin destroying 43 0.000 2 313

Catalyst, solid sorbent, or support therefor, prod. or proc 502 0.000 2 296

Photography 354 0.000 2 258

Electric heating 219 0.000 2 157

Dynamic information storage or retrieval 369 0.000 2 135

Dynamic magnetic information storage or retrieval 360 0.000 2 032

Coherent light generators 372 0.000 1 911

Metal working 29 0.000 1.698

Measuring and testing 73 0.000 1 490

Land vehicles 280 0 000 1 334

Liquid purification or separation 210 0.000 0 871

Drug, bio-affecting and body treating compositions 424 0.000 0 858

Radiation imagery chemistry-process. composition or product 430 0.000 0.839

Drug, bio-affecting and body treating compositions 514 0.000 0 384

Electrical computers and data processing systems 364 0.000 0.334

NOTES. The activity index is the percentage of the patents in a class that are granted to inventors from Taiwan. divided by the percentage of all patents that have
inventors from Taiwan in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989

SOURCE Office of Information Systems. TAF Proqram. Patent and Trademark Office, "Country Activity Index Report, Corporate Patenting 1989." report prepared tor
the National Science Foundation (Washington. DC: October 1990).

Science & Engineering Indicators I 991



438 Appendix A. Appendix Tables

Appendix table 6-29.
Patent classes most emphasized by South Korean inventors patenting in the United States: 1980 and 1989

Patent class
Class

number

Activity index

1980 1989

Static information storage and retrieval 365 0.000 9.056
Closure fasteners 292 0.000 8.754
Dynamic magnetic information storage or retrieval 360 0.000 8.632
Miscellaneous hardware 16 0.000 8.154
Pictorial communication; television 358 0.000 7.855

Electric lamp arid discharge devices, systems 315 0.000 6.541
Electrical transmission or interconnection systems 307 0.000 5.890
Receptacles 220 0.000 5.581
Chairs and seats 297 0.000 5.117
Electric heating 219 0.000 5.091

Electric lamp and discharge devices 313 0.000 4.699
Part of the class 520 series-synth. resins or natural rubber 521 0.000 4.232
Amusement devices, toys 446 0.000 4.153
Winding and leeling 242 0.000 4.013

Sheet feeding or delivering 271 0.000 3.849

Electrical generator or motor structure 310 0.000 3.615
Communications, radio wave antennas 343 0.000 3.434
Part of the class 532-570 series-organic compounds 560 250.279 3.434
Electricity, conductors and insulators 174 0.000 3.332
Electric power conversion systems 363 0.000 3.235

Semiconductor device manufacturing process 437 0.000 3.206
Part of the class 532-570 series-organic compounds 568 0.000 2.899
Electricity, circuit makers and breakers 200 0.000 2.673
Electrical audio signal processing and systems 381 0.000 2.558
Brushing, scrubbing and general cleaning 15 0.000 2.460

Electricity, electrical systems and devices 361 0.000 2.403
Plastic and nonmetallic article shaping or treating: Process 264 0.000 2.227
Catalyst, solid sorbent, or support therefor, prod. or proc 502 0.000 2.167

Dynamic information storage or retrieval 369 0.000 2.016
Recorders 346 0.000 1.962

Adhesive bonding and misc. chemical manufacture 156 0.000 1.685

Telephonic communications 379 0.000 1.666

Supports 248 0.000 1.597

Chemistry, inorganic 423 0.000 1.569

Communication, electrical 340 0.000 1.526

Part of the class 520 series-synth. resins or natural rubber 528 0.000 1.526

Part of the class 520 series-synth. resins or natural rubber 524 0.000 1.389

Coating processes 427 0.000 1.294

Special receptacle or package 206 0.000 1.205

Food or edible material: Processes, compositions and products 426 0.000 1.143

Part of the class 520 series-synth. resins or natural rubber 525 0.000 1.100

Chemistry, electrical and wave energy 204 0.000 1.077

Compositions 252 0.000 0.842

Measuring and testing 73 0.000 0.703
Optics. systems and elements 350 0.000 0.561

Drug, bio-aftecting and body treating compositions 514 0.000 0.363

NOTES: The activity index is the percentage of the patents in a class that are granted to South Korean inventors, divided by the percentage of all patents that have
South Korean inventors in that year Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989.

SOURCE: Office of Information Systems. TAF Program. Patent and Trademark Office. "Country Activity Index Report, Corporate Patenting 1989." report prepared tor
the National Science Foundation (Washington. DC: October 1990).
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Appendix table 6-30.
Nation shares of patents granted in the United States, by country of residence of inventor, product field, and year of grant: 1980 and 1989 (b.

Product field and SIC code

All
countries

United
States Japan

West
Germany France

United
Kingdom Canada Switzerland USSR Taiwan

South
Korea

Other :

countries

Q0

rriz
(Q.
z
lb
lb

1980

Percent

ALL PRODUCT FIELDS 61,807 60.4 11.5 9.3 3.4 3.9 1.7 2.0 0.7 0.1 0.0 6.8

Industrial inorganic chemicals (SiC 281) 1,093 59.6 11.3 8.9 4.0 5.3 1.9 1.1 0.9 0.0 0.0 7.0

Plastics materials and synthetic resins (SIC 282) . 965 56.6 15.1 13.4 2.9 2 0 0.8 2.3 1.1 0.0 0.1
'ET

5.7 cf,

Drugs and medicines (SIC 283) 1,378 49.5 12.3 11.6 5.3 8.0 0.9 4.1 0.5 0.1 0.0 7.8

Engines and turbines (SIC 351) 635 51.3 19.8 10.9 3.8 6.0 1.1 1.1 0.3 0.3 0.0 5.4 Lfz

Office computing and accounting
machines (SIC 357) 1,464 61.1 17.3 6.9 3.4 3.0 0.6 1.7 0.4 0.1 0.0 5.5

Radio and TV receiving equipment (SIC 365). 629 47.1 34.5 5.2 2.4 3.5 0.8 1.3 0.2 0.2 0.0 4.9

Communication equip. & elect.
comp. (SIC 366-367) 5,684 .63.9 14.8 5.9 3.9 3.5 1.4 1.1 0.5 0.1 0.0 4.9

Motor vehicles and equipment (SIC 371) 1,255 52.7 16.4 13.7 4.6 4.7 1.8 1.4 0.2 0.1 0.0 4.4

Aircraft and parts (SIC 372) 679 50.7 19.3 11.5 5.0 6.5 1.2 0.9 0.1 0.1 0.0 4.7

Professional & scientific instruments
(SIC 38-3825) 7,618 58 3 16.7 9.0 2.8 3.2 1.4 2.2 0.7 0.1 0.0 5.6

1989

ALL PRODUCT FIELDS 94,936 52.5 21.1 8.7 3.3 3.2 2.1 1.4 0.2 0.6 0.2 7.6

Industrial inorganic chemicals (SIC 281) 1,253 55.1 14.0 11.6 4.6 4.6 2.4 1.0 0.4 0.0 0.2 6.5

Plastics materials and synthetic resins
(SIC 282) 1,373 50.0 21.6 13.2 3.4 3.4 1.0 1.7 0.1 0.0 0.1 5.6

Drugs and medicines (SIC 283) 2,352 51.7 14.3 9.9 3.8 3.8 1.7 2.3 0.2 0.0 0,0 12.5

Engines and turbines (SIC 351) 827 44.9 27.4 12.0 2.4 2.4 1.0 1.3 0.2 0.7 0.2 8.6

Office ,:prtiputing and accounting machines
(SIC 357) 3.791 44.2 40.0 4.8 2.5 2.5 0.9 0.7 0.0 0.2 0.2 4.4

Hada and IV receiving equipment (SIC 365). . 1,065 35.0 45.3 5.9 3.2 3.2 0.8 0.2 0.0 0.4 0.9 6.4

Comnitinication equip. & elect. comp.
(SIC 366.367). 12.399 48.8 31.1 5.5 3.5 3.5 1.6 0.7 0.1 0.5 0.3 5.3

Motor vehicles and equipment (SIC 371) 2.002 40.9 31.9 12.9 2.9 2.9 1.9 0.7 0.0 0.5 0.1 5.8

Aucraft and parts (SIC 372) 1,015 44.0 27.4 12.4 3.6 3.6 1.0 0.9 0.1 0.7 0.0 7.0

Piefw;sional & scientific instruments
(SIC 38-3825) . 13.279 52.0 26.7 6.8 2.9 2.9 1.3 1.3 0 2 0.4 0.0 6.0

r,',-)1! I profiles patent tclivity UI SIC-t)a6ed product fields The Patent Office's Concordance computer program assigns patent subclasses to all product fields to which they are pertinent: fractional counts are used to

count, among prodbct held categories

1-3()IltiCF: Patent and Trademark Office. Patenting Trends in the United States, 1963-1989 (Washington. DC: August 1990).

r

Service & Engineering indicators 1991



440

Appendix table 6-31.
Patents granted In selected countries by residence of inventor: 1985-89
(page 1 of 2)

Appendix A. Appendix Tables
_

Granting country

Patents to non-
Total residents as

patents percent of total

Residence of inventor

United West United Soviet Other
States Japan Germany France Kingdom Italy Sweden India Union nonresidents

Japan
West Germany
France
United Kingdom
Italy
Canada
Mexico
Brazil
South Korea
Soviet Union
India

Japan
West Germany
France
United Kingdom
Italy
Canada
Mexico
Brazil
South Korea
Soviet Union
India

Japan
West Germany
France
United Kingdom
Italy
Canada
Mexico
Brazil
South Korea
Soviet Union
India

Japan
West Germany
France
United Kingdom
Italy
Canada
Mexico
Brazil
South Korea
Soviet Union
India

1985

Percentage of nonresident patents
50,100 15.5 46.4 0.0 19.6 6.4 5.4 1.5 2.3 0.0 1.4 17.0

33,377 60.4 29.2 23.9 0.0 12.4 6.7 2.8 2,8 0.0 1.7 20.5

37,530 73.8 27.4 15.8 25.9 0.0 5.9 4.1 2.4 0.0 1.3 17.0

34,480 82.3 28.6 20.8 20.9 8.4 0.0 2.9 2.2 0.0 0.6 15.6

47,924 79.0 6.1 2.3 8.0 4.2 2.0 0.0 0.4 0.0 0.0 77.0

18,697 92.8 54.8 11.7 8.8 5.6 5.3 1.5 1.8 0.0 0.4 10.0

1,374 93.4 56.3 6.6 7.6 7.0 4.0 2.6 1.5 0.0 0.5 14.0

3,934 84.6 37.0 7.3 20.7 9.9 4.0 4.6 2.8 0.0 0.4 13.3

2,268 84.6 30.4 42.3 6.2 5.4 3.5 1.8 1.4 0.0 0.0 9.1

74,745 2 0 13.7 8.4 16.9 8.2 3.1 3.9 2.7 0.0 0.0 42.9

1,814 76.2 33.5 6.4 11.2 8.1 10.1 3.4 1.3 0.0 3.0 23.0

1986

59,900 14.4 46.1 0.0 20.0 6.7 5.3 2.0 2.2 0.0 1.4 16.3

38,995 60.6 30.6 24.1 0.0 11.6 6.8 2.8 2.9 0.0 1.1 20.1

35,549 73.7 27.8 17.1 25.4 0.0 6.2 3.8 2.3 0.0 0.7 16.7

32,929 83.6 28.7 19.9 21.6 8.3 0.0 2.8 2.2 0.0 0.4 16.1

52,493 23.9 24.9 8.2 28.4 13.8 7.4 0.0 1.5 0.0 0.0 15.8

17,550 92.2 56.0 12.2 7.9 5.2 5.3 1.8 1.8 0.0 0.2 9.6

1,222 96.2 61.3 5.6 7.6 6.6 3.2 2.5 1.3 0.1 0.3 11.5

2,935 84.9 38.2 9.6 18.8 7.2 3.5 4.3 2.7 0.0 0.2 15.4

1,894 75.8 25.4 58.6 0.0 3.1 2.2 1.7 0.8 0.1 0.0 8.1

79,367 1.6 14.4 7.3 17.4 9.6 5.0 3.4 3.8 0.0 0.0 39.1

1,994 75.2 32.3 7.6 6.3 6.5 14.7 4.5 1.8 0.0 2.8 23.5

1987

62,400 13.3 38.8 0.0 19.3 6.5 4.5 2.0 1.8 0.0 1.3 14.6

39,897 59.4 27.3 25.4 0.0 11.8 6.7 3.1 2.7 0.0 0.9 19.9

30,413 72.0 26.4 18.2 29.1 0.0 6.4 4.2 2.4 0.0 0.7 18.3

28,659 83.9 26.6 20.9 24.1 10.1 0.0 3.1 2.2 0.0 0.3 17.0

11,550 99.0 25.1 10.3 34.6 16.9 8.1 0.0 2.2 0.0 0.0 98.6

14,649 92.6 63.3 14.8 9.9 5.4 5.9 1.8 2.2 0.0 0.2 11.6

1,406 94.6 136.7 14.9 18.3 16.6 7.0 7.6 4.8 0.1 0.5 29.4

2,184 86.8 55.6 8.7 21.7 11.8 10.4 6.2 3.0 0.0 0.5 16.8

2,330 74.4 26.8 44.0 5.5 3.3 3.0 1.7 0.8 0.0 0.0 7.2

85,018 1.6 13.0 9.3 22.6 6.5 4.3 3.3 3.2 0.2 0.0 39.4

2027, 73.1 62.9 10.6 19.8 15.9 20.2 3.8 3.7 0.0 5.0 33.2

1988

55,300 13.4 43.7 0.0 21.8 7.3 5.0 2.2 2.0 0.0 1.5 16.5

38,890 59.6 27.9 26.0 0.0 12.0 6.8 3.2 2.8 0.0 0.9 20.3

31,956 72.4 25.0 17.2 27.5 0.0 6.0 4.0 2.2 0.0 0.7 17.3

29,564 85.0 25.5 20.0 23.0 9.7 0.0 3.0 2.1 0.0 0.3 16.3

25,195 88.9 12.8 5.3 17.6 8.6 4.2 0.0 1.1 0.0 0.0 50.3

16,813 93.0 55.0 12.8 8.6 4.7 5.1 1.6 1.9 0.0 0.2 10.1

3,411 92.0 58.0 6.3 7.1 7.0 3.0 3.2 2.0 0.0 0.2 12.5

3,040 84.0 41.2 6.5 16.1 8.8 7.7 4.6 2.2 0.0 0.4 12.5

2,174 73.6 29.0 47.7 6.0 3.6 3.3 1.8 0.9 0.0 0.0 7.8

83,983 1.6 12.7 9.2 22.2 6.4 4.3 3.2 3.2 0.2 0.0 38.6

3,454 75.1 35.9 6.1 11.3 9.1 11.5 2.2 2.1 0.0 2.9 18.9

(continued)
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Granting country
Total

patents

Patents to non-
residents as

percent of total

Residence of inventor

United
States

West U nited
Japan Germany France Kingdom Italy Sweden India

Soviet Other
Union nonresidents

1989

Percentage of nonresident patents

Japan 63,301 13.5 44.4 0.0 21.2 7.6 5.0 2.2 2.3 0.0 1.3 16.0

West Germany 42,233 60.0 28.2 27.2 0.0 10.9 6.5 3.5 2.8 C 0 0.9 20.0

France 32,879 74.8 24.9 17.5 27.8 0.0 6.0 4.4 2.2 0.0 0.5 16.7

United Kingdom 30,897 86.3 25.7 20.4 23.2 9.1 0.0 3.2 2.1 0.0 0.3 16.0

Italy 15,832 98.7 22.8 9.1 29.4 12.9 6.7 0.0 2.4 0.0 0.0 16.7

Canada 16,299 93.4 52.9 13.7 8.6 6.1 5.7 1.8 1.7 0.0 0.2 9.4

Mexico 2,268 91.0 63.1 4.5 7.8 6.0 2.8 3 s 1.4 0.0 0.7 10.3

Brazil 3,510 86.5 41.2 5.2 16.2 9.1 10.0 4.3 2.2 0.0 0.6 11.1

South Korea 3,972 70.3 30.7 50.6 5.1 3.0 3.0 0.9 0.8 0.0 0.0 6.0

Soviet Union 84,577 1.5 13.6 8.3 19.5 7.0 4.1 4.8 1.9 0.0 0.0 40.8

India 1,986 78.0 35.4 6.8 14.0 7.2 7.3 2.8 1.7 0.0 5.0 19.6

SOURCE: World Intellectual Property Organization. "Industrial Property Statistics" (Geneva, Switzerland).

See figure 620. Science & Engineering Indicators - 1991
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Appendix table 6-32.
Citations per patent for selected countries, by year patent was granted in the United States: 1980, 1985, and 1987

Industry
United
States

West
Germany Japan

United
Kingdom France

Non-
U.S. World

1980

ALL INDUSTRIES 3.58 2.86 3.79 3.12 2.82 3.09 339

Industrial inorganic chemicals 3.98 3.32 3.75 4.13 2.94 3.46 3.77

Plastic materials and synthetic resins 3.94 3.24 4.61 3.36 2.36 3.78 3.87

Drugs and medicines 3.46 2.37 2.45 2.75 1.94 2.32 2.88

Engines and turbines 3.23 3.22 4.35 2.41 2.70 3.37 3.30

Office computing and accounting machines 6.80 4.89 6.37 6.09 5.61 5.63 6.34

General industry machines and equipment 3.11 2.46 3.77 2.30 2.45 2.71 2.94
Electrical equipment except communication equipment 3.77 3.10 3,71 3.43 2.80 3.15 3.52
Communication equipment and electrical components 4.95 3.24 4.43 4.37 3.65 4.01 4.60
Radio and TV equipment except communication types 4.60 3.80 3.93 4.64 4.42 4.05 4.30

Electrical components & access & communication equip 4.98 3.18 4.56 4.34 3.60 4.01 4.63
Transportation equipment 2.82 3.07 4.24 2.28 2.50 3.13 2.95
Motor vehides and motor vehicle equipment 3.14 3.17 4.33 2.37 2.72 3.30 3.22
Guided missiles and space vehicles and parts 2.00 2.07 0.00 0.85 1.80 2.00 2.00

Ordnance, except missiles 2.01 1.82 2.17 1.14 2.70 2.04 2.01

Aircraft and parts 3.39 3.78 4.41 2.45 2.87 3.56 3.48

Profession& and scientific instruments 4.25 3.52 3.93 4.68 3.71 3.69 4.02

1985

ALL INDUSTRIES 2.07 1.69 2.66 1.79 1.61 2.04 2.06

Industrial inorganic chemicals 2.12 1.34 2.36 1.83 1.44 1.74 1.96

Plastic materials and synthetic resins 2.03 1.68 2.06 1.34 1.67 1.88 1.97

Drugs and medicines 1.77 1.60 1.39 1.53 1.01 1.32 1.54

Engines and turbines 1.37 1.58 2.84 1.27 1.61 2.17 1.85

Office computing and accounting machines 3.u0 2.62 3.68 2.97 3.44 3.39 3.44

General industry machines and equipment 1.74 1.49 2.14 1.58 1.58 1.72 1.73

ElectriCal equipment except communication equipment 2.21 1.96 2.55 2.00 1.65 2.12 2.17

Communication equipment and electrical components 3.08 2.36 3.47 2.46 2.39 2.99 3.04

Radio and TV equipment except communication types 3.03 3.24 3.20 2.73 2.46 2.99 3.01

Electrical components & access & communication equip 3.08 2.27 3.51 2.44 2.38 2.99 3.04

Transportation equipment 1.60 1.95 3.53 1.40 2.02 2.50 2.08

Motor vehicles and motor vehicle equipment 1.80 1.97 3.57 1.53 2.21 2.70 2.32

Guided missiles and space vehides and parts 1.23 1.20 0.00 0.88 0.84 0.86 1.10

Ordnance, except missiles 1.37 1.39 2.00 1.24 1.52 1.34 1.36

Aircraft and parts 1.51 2.14 3.36 1.47 1.94 2.62 2.14

Profossional and scientific instruments 2.46 1.91 2.87 2.10 1.64 2.35 2.41

1987

ALL INDUSTRIES 1.01 0.75 1.30 0.82 0.77 0.97 0.99

Industrial inorganic chemicals 0.94 0.54 0.91 1.11 U.60 0.71 0.84

Plastic materials and synthetic resins 0.97 0.53 0.89 0.84 0.68 0.75 0.87

Drugs and medicines 0.88 0.75 0.69 0.71 0.50 0.67 0.78

Engines and turbines 0.73 0.86 1.38 0.61 0.62 1.03 0.91

Office computing and accounting machines 1.63 0.98 1.53 1.50 1.24 1.43 1.51

General industry machines and equipment 0.78 0.68 1.07 0.71 0.90 0.82 0.80

Electrical equipment except communication equipment 1.09 0.76 1.17 0.82 0.88 0.95 1.02

Communication equipment and electrical components 1.45 0.94 1.71 1.14 0.95 1.42 1.43

Radio and TV equipment except communication types 1.60 1.09 1.91 1.28 1.52 1.68 1.65

Electrical components & access & communication equip 1.44 0.93 1.68 1.13 0.92 1.38 1.41

Transportation equipment 0.77 1.01 1.71 0.80 0.82 1.21 1.02

Motor vehicles and motor vehicle equipment 0.85 1.03 1.70 0.82 0.97 1.32 1.15

Guided missiles and space vehicles and parts 0.49 0.45 1.00 1.42 0.38 0.70 0.57

Ordnance, except missHes 0.61 0.46 1.04 0.70 0.80 0.53 0 57

Aircraft and parts 0.78 1.04 1.64 0.77 0.86 1.24 1.05

Professional and scientific instruments 1.20 0,94 1.48 1.01 0.97 1.19 1.20

NOTE: Citation rates generally increase as a patent ages. Consequently. citation rates for patents granted in 1987 are noticeably lower than those granted in 1980.

SOURCE: Computer Horizons. Inc.. special report to Science Resources Studies Division. National Science Foundahon. 1990
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Appendix table 6-33.
Output per worker-hour in manufacturing: 1960-89

France
West

Germany Japan
United

Kingdom Italy Sweden
United
States

1960 36.7 45.8 20.2 57.5 34.1 47.0 59.8
1961 39.0 47.0 22.4 56.8 36.4 48.8 61.6
1962 41.3 48.9 22.8 57.5 39.1 52.0 64.8
1963 43.4 50.1 24.5 60.5 40 3 54.4 69.4
1964 46.3 54.3 27.5 65.0 40.7 58.4 73.3

1965 49.0 57.4 28.2 66.0 43.9 62.1 76.1
1966 53.1 59.1 31.2 66.9 48.2 64.6 77.2
1967 55.8 61.3 35.8 69.6 51.3 68.9 76.0
1968 59.8 67.1 40.2 75.2 55,3 73.6 78.6
1969 64.9 71.7 45.8 77.0 57.0 77.8 79.3

1970 67.7 73.4 50.9 77.4 59.5 79.4 77.9
1971 70.9 74.4 53.0 79.2 58.9 82.5 82.5
1972 73.2 78.3 57.9 82.9 63.5 84.3 87.3
1973 77.0 82.6 63.4 90.1 69.5 88.9 91.9
1974 77.5 83.9 63.0 88.6 71.8 91.5 87.8

1975 78.0 85.3 62.3 86.4 68.1 91.0 88.9
1976 83.5 93.8 69.1 90.9 77.3 91.2 94.0
1977 87.6 95.2 73.5 92.4 78.6 89.1 97.4
1978 90.9 97.0 79.9 93.3 83.6 89.1 99.0
1979 95.2 100.2 85.8 93.9 90.7 84.6 98.4

1980 95.9 99.2 91.7 90.4 95.3 95.1 97.3
1981 97.6 99.4 94.5 93.6 97.9 95.5 99.4
1982 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1983 102.0 104.7 106.0 108.8 105.3 105.5 108.3
1984 104.0 108.1 115.0 115.7 115.8 112.6 115.8

1985 107.7 110.2 120.9 119.7 121.0 112.1 121.1

1986 109.9 108.4 121.9 124.0 125.2 112.4 125.6
1987 113.5 105.9 132.0 132.5 130.9 113.0 130.7
1988 119.6 110.4 139.5 140.2 139.3 115.2 135.4
1989 124.5 114.2 146.1 145.9 143.0 116.0 137.8

NOTE: Index: 1982 = 100.

SOURCE: Bureau of Laboi Statistics, unpublished tabulations.

See figure 6-21. Science & Engineering Indicators - 1991
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Appendix table 6-34.
Manufacturers use and planned use of certain advanced technologies in the United States,
Canada, and Australia

Technology

United States Canada Australia

Plan to
use within

In use 5 yeals In use

Plan to
use within

5 years In use

Plan to
use within

5 years

At least one of the 17 advanced
Percentage of establishments

technologies 68.4 59.7 43,0 NA 33.0 NA

Design and engineering
Computer-aided design (CAD) or

computer-aided engineering 39.0 19.6 17.0 12.0 10.0 11.0

CAD output used to control
manufacturing machines 16.9 21.1 7.0 10.0 4.0 7.0

Digital representation of CAD
output used in procurement 9.9 17.5 4.0 8.0 4.0 6.0

Fabrication/machining and assembly
Flexible manufacturing cells or

systems 10.7 11.5 7.0 3.0 1.0 3.0

Numerically controlled or computer
numerically controlled machines 41.4 7.9 14.0 4.0 13.0 5.0

Materials working lasers 4.3 9.1 2.0 4.0 1.0 3.0

Pick and place robots 7.7 12.2 3.0 4.0 2.0 4.0

Other robots 5.7 11.2 3.0 5.0 3.0 2.0

Automated material handling
Automatic storage and retrieval

systems 3.2 5.8 4.0 4.0 2.0 3.0

Automatic guided vehicle systems. 1.5 3.8 2.0 3.0 1.0 2.0

Automated sensor-based inspection or
testing

Performed on incoming or in-process
materials 10.0 11.9 9.0 7.0 3.0 3.0

Performed on final product 12.5 12.4 8.0 6.0 4.0 3.0

Communication and control
Local area network (LAN) for

technical data 18.9 17.2 11.0 12.0 3.0 5.0

LAN for factory use 16.2 19.1 9.0 12.0 5.0 7.0

Intercompany computer network
linking plant to subcontractors,
subcontractors, suppliers,
or customers 14.8 20.3 10.0 11.0 3.0 5.0

Programmable controllers 32.1 10.7 18.0 6.0 14.0 4.0

Computers used for control on
factory floor 27.3 22.0 12.0 13.0 7.0 8.0

NOTES: "Nonuse is defined as "no not currently use or plan to use in the next 5 years." The U.S. survey included establishments
with 20 or more employees selected to represent a universe of almost 40,000 manufacturing establishments classified in Standard
Industrial Classification codes 34-38; the Canadian survey covered the use of 22 advanced technologies (the first 17 of which are
identical to those included in the U.S. survey) by all manufacturing plants in Canada with 20 or more employees: the Austrahan
survey questioned manufacturers' use of 19 advanced technologies (17 of which are comparable).

SOURCE: Bureau of the Census, Manufacturing Technology 1988, SMT(88)-1 (Washington. DC: GPO. 1989); Organisation for
Economic Cooperation and Development (OECD), "Survey of Manufacturing Technology in Canada - March 1989," Room
Document 6, dist. Nov. 8, 1989; and OECD, "Survey of Manufacturing Technology in Australia," Room Document 15, dist. Nov.
27.1989.

See figure 6-22. Science & Engineering Indicators 1991
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Appendix table 6-35.
Reasons for manufacturers' nonuse of certain advanced technologies in the
United States and Canada

Technology

United States Canada

Not
applicable

Not Not Not
cost effective applicable cost effective

Percentage of establishments
Design and engineering

Computer-aided design (CAD) or
computer-aided engineering 21.6 7.7 59.0 f 0

CAD output used to control
manufacturing machines 34.0 13.6 70.0 9.0

Digital representation of CAD
output used in procurement 40.9 14.1 73.0 9.0

Fabdcation/machining and assembly
Fiexible manufacturing cells or

systems 46.0 15.0 73.0 10.0
Numerically controlled or computer

numerically controlled machines 29.8 8.7 68.0 9.0
Materials working lasers 53.6 16.7 79.0 10.0
Pick and place robots 44.4 20.6 75.0 12.0
Other robots 45.4 21.0 74.0 11.0

Automated material handling
Automatic storage and retrieval

systems 46.0 30.0 72.0 15.0
Automatic guided vehicle systems. 51.2 28.2 74.0 15.0

Automated sensor-based inspection or
testing

Performed on incoming or in-process
materials 41.9 21.0 67.0 10.0

Performed on final product 40.9 19.4 68.0 10.0

Communication and control
Local area network (LAN) for

technical data 36.7 10.6 64.0 6.0
LAN for factory use 36.9 11.3 64.0 8.0
Intercompany computer network

linking plant to subcontractors,
subcontractors, suppliers,
or customers 34.0 13.9 60.0 10.0

Programmable controllers 32.4 9.9 61.0 8.0
Computurs used for control on

fact( 'Ioor 26.1 10.9 61.0 9.0

NOTE: "Nonuse" is defined as "do not currently use or plan to use in the next 5 years."

SOURCE: Bureau of the Census, Manufacturing Technology 1988, SMT(88)-1 (Washington, DC: GPO, 1989).
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Appendix table 6-36.
Formation of companies in the United States active in certain high-tech fields: 1970-89

Appendix A. Appendix Tables

Period formed
All high-

tech fields Automation
Bio-

technology
Computer
hardware

Advanced
materials

Photon ics
& optics Software

Tele-
communi-

cations

Number of companies

Total 19,097 1,754 722 3,633 947 1,025 6,238 1,620

1970-74 3,174 366 81 525 208 221 758 281

1975-79 4,984 517 138 969 213 292 1,871 411

1980-84 7,217 615 295 1,457 309 334 2,666 616

1985-89 3,722 256 208 682 217 178 943 312

Percentage of all high-tech companies formed during each period

1970-74 100.0 11.5 2.6 16.5 6.6 7.0 23.9 8.9

1975-79 100.0 10.4 2.8 19.4 4.3 5.9 37.5 8.2

1980-84 100.0 8.5 4.1 20.2 4.3 4.6 36.9 8.5

1985-89 100.0 6.9 5.6 18.3 5.8 4.8 25,3 8.4

Percentage of all high-tech companies formed during 1970-89, by fieid

1970-74 16.6 20.9 11.2 14.5 22.0 21.6 12.2 17.3

1975-79 26.1 29.5 19.1 26.7 22.5 28.5 30.0 25.4

1980-84 37.8 35.1 40.9 40.1 32.6 32.6 42.7 38.0

1985-89 19.5 14.6 28.8 18.8 22.9 17.4 15.1 19.3

NOTE: Beside those fields indicated. other high-tech fields included in the data base are chemicals, defense-related. energy. environmental,
manufacturing equipment, medical, pharmaceuticals. subassemblies and components. test and measurement, and transportation.

SOURCE: Derived from the Corp Tech data base, Corporate Technology Information Services, Inc., Wellesley Hills, MA (Rev 6.0. 1991).

See figure 6-23. Science & Engineering Indicators - 1991
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Appendix table 6-37.
Companies active in high-tech fields, by state

State
All

fields Automation
Bio-

technology
Computer
hardware Software

Advanced
materials

Photonics
& optics

Tele-
communi-

cations

Number of companies
TOTAL 29,761 3,413 974 4,541 7,095 2,302 1,673 2,424

California 5,453 526 157 1,131 1,414 211 398 633
Massachusetts 2,275 256 92 381 576 150 215 220
New York 2,023 241 54 290 474 159 182 196
Pennsylvania 1,730 220 55 275 417 213 56 84
New Jersey 1,626 157 81 219 296 198 121 143
Texas 1,430 91 31 189 387 107 49 117

Connecticut 1,346 182 25 176 261 111 72 90
Illinois 1,261 206 32 142 281 111 64 78
Ohio 1,188 209 23. 125 204 193 47 41

Maryland 1,157 93 107 244 292 51 52 118
Kentucky 910 172 9 49 71 97 11 20
Minnesota 858 109 27 135 166 b6 38 46
Michigan 837 188 20 71 185 95 37 26
Florida 722 50 23 109 209 30 51 81

Virginia 695 44 15 156 223 39 28 112

All other states 6,250 669 223 849 1,639 471 252 419

Percent
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

California 18.3 15.4 16.1 24.9 19.9 9.2 23.8 26.1
Massachusetts 7.6 7.5 9.4 8.4 8.1 6.5 12.9 9.1

New York 6.8 7.1 5.5 6.4 6.7 6.9 10.9 8.1

Pennsylvania 5.8 6.4 5.6 6.1 5.9 9.3 3.3 3.5
New Jersey 5.5 4.6 8.3 4.8 4.2 8.6 7.2 5.9
Texas 4.8 2.7 3.2 4.2 5.5 4.6 2.9 4.8
Connecticut 4 .5 5.3 2.6 3.9 3.7 4.8 4.3 3.7
Illinois 4.2 6.0 3.3 3.1 4.0 4.8 3.8 3.2
Ohio 4.0 6.1 2.4 2.8 2.9 8 4 2.8 1.7

Maryland 3.9 2.7 11.0 5.4 4.1 2.2 3.1 4.9
Kentucky 3.1 5.0 0.9 1.1 1.0 4.2 0.7 0.8
Minnesota 2.9 3.2 2.8 3.0 2.3 2.9 2.3 1.9

Michigan . . . . . . 2.8 5.5 2.1 1.6 2.6 4.1 2.2 1.1

Florida 2.4 1.5 2 4 2.4 2.9 1.3 3.0 3.3
Virginia 2.3 1.3 1.5 3.4 3.1 1.7 1.7 4.6

All other states 21.0 19.6 22.9 18.7 23.1 20.5 15.1 17.3

NOTE: Beside those fields indicated, other high-tech fields included in the data base are chemicals, defense-related, energy, environmental,
manufacturing equipment. medical. pharmaceuticals. subassemblies and components. test and measurement, and transportation.

SOURCE: Derived from the CorpTech data base, Corpwate Technology Services. Inc.. Wellesley Hills, MA (Rev 6.0. 1991).

See figure 6-24. Science & Engineering Indicatoff, - 1991
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Appendix table 6-38.
Ownership of companies active in high-tech fields operating in the United States, by country of ownership:
March 1991

Country
All

fields Automation
Bio-

technology
Computer Advanced
hardware materials

Photonics
& optics Software

Tele-
communi-

cations

Number of companies
Total 30,919 3,413 974 4,541 2,302 1,673 7,095 2,424

United States 27,412 3,066 868 4,212 1,957 1,471 6,887 2,182

Foreign owned 3,507 347 106 329 345 202 208 242

United Kingdom 813 70 17 56 85 53 73 53

Japan 600 66 15 101 42 51 16 66

West Germany 560 79 20 34 82 36 15 17

France 269 26 6 23 40 12 23 24

Switzerland 242 28 a 17 23 13 16 6

Canada 246 20 4 16 18 9 22 27

The Netherlands . . 144 5 8 17 23 11 10 12

Sweden 170 21 8 12 10 5 8 6

Taiwan 35 0 0 10 0 2 1 6

South Korea 22 1 1 6 1 0 1 3

Percent

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

United States 88.7 89.8 89.1 92.8 85.0 87.9 97.1 90.0

Foreign owned 11.3 10.2 10.9 7.2 15.0 12.1 2.9 10.0

United Kingdom. 2.6 2.1 1.7 1.2 3.7 3.2 1.0 2.2

Japan 1.9 1.9 1.5 2.2 1.8 3.0 0.2 2.7

West Germany 1.8 2.3 2.1 0.7 3.6 2.2 0.2 0.7

France 0.9 0.8 0.6 0.5 1.7 0.7 0.3 1.0

Switzerland 0.8 0.8 0.8 0.4 1.0 0.8 0.2 0.2

Canada 0.8 0.6 0.4 0.4 0.8 0.5 0.3 1.1

The Netherlands 0.5 0.1 0.8 0.4 1.0 0.7 0.1 0.5

Sweden 0.5 0.6 0.8 0.3 0.4 0.3 0.1 0.2

Taiwan 0.1 0.2 0.1 ' 0.2

South Korea 0.1 0.1 0.1 0.1

= less than 0.05 percent

SOURCE: Derived from the Corp Tech data base, Corporate Technology Information Services, Inc., Wellesley Hills. MA (Rev 6.0. March 1991).

Science & Engineering I,d,cators - 1991

Appendix table 6-39.
Source of capital for newly formed high-tech companies

Technology field

Corporate Private Corporate,

Corporate Private Venture Corporate investment investment private,

investment investment capital & private & venture & venture & venture

only only only investment capital capital capital

Percentage of companies re;eiving source of capital

Automation 2.5 77.5 2.5 2.5 0.6 10.0 4.4

Biotechnology 2.7 63.7 3.5 10.6 0.9 9.7 8 8

Computer hardware 2.4 73.7 6.8 4.6 2.4 6.8 3.2

Computer software . . . . 3.0 76.9 5.2 2.6 1.1 7.7 3.4

Advanced materials 1.2 78.8 4.7 1.2 2.4 9.4 2.4

Photonics & optics 3.1 73.5 5.1 5.1 1.0 10.2 2.0

Telecommunications 3.2 59.7 8.1 22 1.6 19.9 5.4

Weighted average 2.8 74.1 5.9 4.8 1.7 10.8 4.4

NOTE: Private companies formed during 1980-89.

SOURCE: Derived from the CorpTech data base, Corporate Technology Information Services. Inc., Wellesley Hills. MA (Rev 6 0. 1991).

See figure 6-25. Science & Engineering Indicators 1991
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Appendix table 7-1.
Interest in selected issues

Issue area Degree of interest 1979 1981 1983 1985 1988 1990

Percent
Very 24 35 30 33 33 48

international and foreign policy Moderately 53 47 47 51 51 40
Not at all 22 18 22 16 16 13

Very 36 37 48 44 43 39

New scientific discoveries Moderately 49 45 41 44 46 49

Not at all 15 17 11 13 12 12

Very 35 52 57 48 48 51

Economic issues and business conditions Moderately 48 37 33 41 42 40

Not at all 17 10 10 11 10 10

Very 33 33 42 39 40 39

Use of new inventions and technologies Moderately 51 51 45 49 49 49

Not at all 15 16 12 12 12 12

Very NA 25 27 29 34 26

Space exploration Moderately NA 44 45 46 47 48
Not at all NA 31 28 25 22 26

Very NA NA NA 08 72 68

New medical discoveries Moderately NA NA NA 29 25 29

Not at all NA NA NA 3 3 3

Very NA NA 43 47 47 55

Military and defense policy Moderately NA NA 42 42 42 35

Not at all NA NA 15 11 11 10

Very NA NA NA NA NA 42

Nuclear power issues Moderately NA NA NA NA NA 46

Not at all NA NA NA NA NA 14

Very NA NA NA NA NA 64

Environmental pollution Moderately NA NA NA NA NA 31

Not at all NA NA NA NA NA 5

"There are a lot of issues in the news and it is hard to keep up with every area. I'm going to read you a short list of issues and for each oneas I read itI
would like you to tell me if you are very interested, moderately interested, or not at all interested.

"Now. I'd like to go through this list with you again and for each issue I'd like you to tell me if you are verywell-informed, moderately well-informed, or
poorly informed."

NA = not asked

NOTE: Percentages may not total 100 because of rounding.

SOURCE: J.D. Miller. Public Attitudes Toward Science and Technology. 1979-1990. Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy. Chicago Academy of Sciences. 1991).

See figures 7-1 and 7-18. Science & Engineering Indicators - 1991

449



450

Appendix table 7-2.
Knowledge about selected issues

Appendix A. Appendix Tables

Issue area Degree of knowledge 1979 1981 1983 1985 1988 1990

Percent
Very well-informed 9 17 14 15 14 22

International and foreign policy Moderately well-informed. . . 54 55 51 53 55 57

Not at all informed 37 28 35 32 31 22

Very well-informed 10 13 13 13 14 14

New scientific discoveries Moderately well-informed. . . 52 49 53 59 55 55

Not at all informed 37 38 34 27 31 31

Very well-informed 14 29 27 23 23 25

Economic issues and business Moderately well-informod. . . 55 51 52 51 55 54

conditions Not at all informea 31 20 20 26 22 20

Very well-informed 10 11 14 13 13 11

Use of new inventions and Moderately well-informed. . . 50 48 55 54 51 53

technologies Not at all informed 40 40 32 34 36 35

Very well-informed NA 14 13 16 13 11

Space exploration Moderately well-informed, . . NA 46 53 52 53 51

Not at all informed NA 40 34 32 34 38

Very well-informed NA NA NA 25 22 24

New medical discoveries Moderately well-informed. . . NA NA NA 57 59 57

Not at all informed NA NA NA 18 19 20

Very well-informed NA NA 21 21 17 26

Military and defense policy Moderately well-informed. . . . NA NA 50 48 51 51

Not at all informed NA NA 29 31 32 23

Very well-informed NA NA NA NA NA 12

Nuclear power issues Moderately well-informed. . . . NA NA NA NA NA 50

Not at all informed NA NA NA NA NA 38

Very well-informed NA NA NA NA NA 32

Environmental pollution Moderately well-informed. . . . NA NA NA NA NA 55

Not at all informed NA NA NA NA NA 13

"There are a lot of issues in the news and it is hard to keep up with every area. I'm going to read you a short list of issues arid for each one---as I read it--1
would like you to tell me if you are very interested, moderately interested, or not at all interested.

"Now, I'd like to go through this list with you again and for each issue I'd like you to tell me if you are very well-informed. moderately well-infornwl or powly
informed."

NA = not asked

NOTE Percentages may not total 100 because of rounding.

SOURCE: J.D. Miller, Public Attitudes Toward Science and Technology, 1979.1990, Integrated Codebook (Chicago International Center for the Advancement
of Scientific Literacy. Chicago Academy of Sciences, 1991).

See figures 7-1 and 7-18. Science & Engineering Indicators 1991



Appendix table 7-3.
Media use: 1990

cn0
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TV news viewership Newspaper readership Newsmagazine readership

NRegularly Occasionally
Not
at all

Every
day

A few
times

a week

Once
a

week

Less than
once a
week Regularly Occasionally Never

Total public

Gender
Male
Female

Degree level
No high school degree
High school graduate'
College graduate

Science & math education
Low
Medium
High

Age
18-24

25-34
35-44
45 64
65 and older

Residence
lncorpoidted city
t Mu icorporaled area

75

76
74

77
73

75

73
76
76

64
67
73
81

87

75
73

22

21

23

19

24

20

23

20

19

34

29

23
15

10

22

22

4

4

3

4
3

5

3

3

5

2

4

4

4

3

3

5

57

63
52

53
55
70

54
59
70

32
44
60
71

78

59
51

Percent
24

22
26

20
27
19

23
29
22

43
29
26
16

10

24

24

8

6

10

10

8

7

10

6

5

11

16

5

4

4

8

10

10

9
11

17
9

4

13

7

4

15
11

10
9

8

9

15

23 13

25 16

21 12

10 9
24 14

38 17

16 11

32 15

40 25

20 16

20 16

26 15

28 11

19 7

23 15

23 8

60

60
68

81

63
45

74
53
36

63
64
59
61

74

63
69

2,033

964
1,070

495
1,179

359

1,263
523
248

322
497
366
533
315

1,640
392

1\1,,w I'd like to read you short list of television shows and ask you to tell me whether you watch each show regularlythat is, most of the time--occasionally, or not at all. A morning television news show? An evening

teloi )!ion Ilett'N flow"7 A late night television news show?

)it, ofh,ri (to you re,id a newspaper. every day. a few times a week, once a week. or less than once a week 9

AN men, any magazines that you read regularly. that N. roost of the time? Are there any other magazines that you read occasionally?"

Nu ff. Percentages [nay not total 100 because of rounding .

ri.,bnrndent5 with associate degrees.

I rur an explanation of the education index. see chapter 7. "The Science and Mathematics Education Index.- p. 172.

S01111CI JD Muller Putilic Attitudes Toward Science and Technology. 1979,1990. Integrated Codebook (Chicago. International Center for the Advancement of Scientific Literacy. Chicago Academy of Sciences, 1991).

(.;(q.. (imp es 72 and 7-3
Science & Engineering Indicators 1991



Appendix table 7-4.
Informal science education: 1990

Science television viewers...p Science magazine readership Annual science museum visits

Regularly Occasionally Not at all Regularly Occasionally Not at all Two or more One None

Percent
Total public 22 58 21 11 15 74 42 17 41 2033,

Gender
Male 24 58 18 13 21 66 43 16 41 964

Female 20 57 23 9 10 81 42 18 40 1.070

Degree level
No high school degree 20 54 26 6 7 87 20 11 70 495

High school graduate 24 57 19 10 18 72 45 21 34 1,179

College graduate 19 63 18 18 20 62 64 14 22 359

Science & math education
Low 21 57 22 7 12 81 32 17 51 1,263

Medium 22 60 19 16 19 65 56 18 26 523

High 26 57 17 20 25 56 67 15 19 248

Age
18 24 15 61 24 9 19 73 56 24 20 322

25-34 20 56 24 11 16 73 53 17 29 497

35-44 22 62 16 11 20 70 50 18 33 366

45 64 25 59 15 13 13 74 32 17 51 533

65 and older 26 49 26 9 9 81 19 10 71 315

Residence
Incorporated city 22 58 20 11 17 73 45 17 38 1,640

Unincorporated 21 55 25 10 11 79 32 18 50 392

i to to.lif you a snort list of television shows and ask you to toll mo whether you watch each show regulait---that is. most of the time.occasionally, or not at all. Nova? National Geographic specials?

Atc there dev reaqaiirws that you read regularly. that is. most of the time'? Are there any other magazines that you read occasionally?

ut k you ,Thout Vow le;c. r ,,eums. ZOOS, and similar institutions. lam going to read you a short list of places and ask you to tell me how many times you visited each type of place during the last year. that is,
0:0 rist I,' months A scieice or museum? A zoo or aquarium? A natural history museum?-

NO1F Pertientoge: may not total 100 because of rounding

ru h reiliondenF, with atisociate degrees.

I I ,111 xplmhition of the education index. see chapter 7. "The Science and Mathematics Education Index.- p 172 .

i01.111C1 ill) Miller Public Attitudes Toward Science arid Technology. 1979-1990. Integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy. Chicago Academy of Sciences.
v011 and iinpiihiii,hrid tabulations

firjure5 ,inci 7-3 Science & Engineering Indicators 1991
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Appendix table 7-5.
Understanding of scientific concepts: 1990

453

Scientific
study Probability

Controlled
study

Percent

Total public 18 70 72 2,033

Gender
Male 19 69 74 964
Female 17 71 70 1,070

Degree level
No high school degree 5 55 51 495
High school graduate 16 72 75 1,179

College graduate 43 82 88 359

Science & math education'
Low 9 63 66 1,263

Medium 26 79 79 523

High 44 83 85 248

Age
18-24 22 79 64 322

25-34 21 77 73 497
35-44 24 76 79 366

45-64 15 67 77 533

65 and older 7 45 62 315

Attentive publics
New scientific discoveries 25 78 75 168

New technologies 22 81 77 148

Nuclear energy 19 70 72 157

Medical discoveries 15 70 72 323

Space exploration 28 81 82 123

Environmental pollution 22 74 76 412

"In your own words, could you tell me what it means to study something scientifically?

"Nom think about this situation, A doctor tells a couple that their genetic makeup means that they've got
one in four chances of having a child with an inherited illness. Does this mean that if their first three
children are healthy. the fourth will have the illness? Does this mean that if their first child has the illness,
the next three will not? Does this mean that each of the couple's children will have the same risk of
suffering from the illness? Does this mean that if they have only three children, none will have the illness?

"Now, think about this problem. Suppose a drug used to treat high blood pressure is suspected of having
no effect. There are three different ways scientists might use to investigate this problem. First, they could
talk to those patients who have used the drug to get their opinion Second. they could use their own
knowledge of medicine to decide how good the drug is. Third, they could give the drug to some
patients but not to others, then compare the results for each group. Which of these three ways do you
think that scientists would be most likely to use?"

-Includes respondents with associate degrees.

'For an explanation of the education index, see chapter 7. "The Science and Mathematics
Education Index," p. 172.

SOURCES: J.D. Miller. Public Attitudes Toward Science and Technology, 1979-1990. Integrated
Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of
Sciences. 1991); and unpublished tabulations.

Science & Engineering Indicators 1991
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Appendix table 7-6.
Understanding of environmental concepts: 1990

Acid rain Ozone hole

N
Understand

term

Know
cause/
source

Identify
with

pollution
Understand

term

Identify
with

pollution
Know

location

Percent
Total public 6 10 31 25 18 11 2,033

Gender
Male 9 15 33 32 18 17 964
Female 3 5 29 19 17 5 1,070

Degree level
No high school degree 7 20 8 10 3 495
High school graduate' 6 9 33 27 19 10 1,179

College graduate 13 16 38 39 24 22 359

Science & math education'
Low 3 7 27 17 15 6 1,263

Medium 8 13 36 33 21 13 523

High 16 18 41 46 25 29 243

Age
18-24 4 5 38 31 21 11 322

25-34 5 7 29 29 17 13 497

35-44 8 11 34 30 20 13 366

45-64 2 12 28 22 18 9 533

65 and older 3 11 25 10 11 8 315

Attentive publics
New scientific discoveries . . . 11 18 34 37 30 24 168

New teconologies 11 19 33 41 23 26 148

Nuclear energy 13 20 32 37 20 14 157

Medical dIscoveries 7 li 33 27 22 10 323

Space exploration 15 21 31 49 23 30 123

Environmental pollution 10 13 36 33 22 17 412

"When you read or hear the term 'acid rain. do you have a clear understanding of what it means, a general sense of what it means, or little understanding of
what it means? What is the primary cause of acid rain?

-Recently. there have been news reports that scientists have discovered a hole in the ozone layer. Have you personally read or heard about the holein the
ozone layer; In regard to the issue about the hole in the ozone layer. would you say that you have a clear understanding of the issue. a general sense of it, or
little understanding of it? Please tell me, in your own words. why is there a hole in the ozone layer? Do you know where thehole is located? Where is it
located?"

= less than 0.5 percent

'Includes respondents with associate degrees.

'For an explanation of the education index, see chapter 7, "The Science and Mathematics Education Index.' p. 172.

SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990, Integrated Codebook (Chicago: International Center for the
Advancement of Scienfific Literacy, Chicago Academy of Sciences. 1991): and unpublished tabulations.
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Appendix table 7-7.
Public attitudes toward science and technology
(page 1 of 2)

455

1957 1979 1983 1985 1988 1990

Percent
A. "Science and technology are making our Agree 94 81 85 86 85 84

lives healthier, easier, and more Disagree 3 16 12 11 13 13

comfortable." Don't know/no answer. . . 3 3 3 2 2 3

B. "The quality of science and mathematics Agree NA NA NA 63 67 72

education in American schools is Disagree NA NA NA 29 25 24

inadequate." Don't know/no answer. . . NA NA NA 7 4

C. "On balance, computers and factory Agree NA NA 39 48 40 39

automation will create more jobs than they Disagree NA NA 55 44 52 53

will eliminate." Don't know/no answer. . NA NA 6 8

D. "If scientific knowledge is explained Agree NA NA NA 65 72 73

clearly, most people will be able to Disagree NA NA NA 33 27 25

understand it." Don't know/no answer. . . NA NA NA 2 1 2

E. "We depend too much on science and not Agree 50 NA 51 57 51 51

enough on faith."' Disagree 21 NA 46 39 43 44

Neither 13 NA NA NA NA NA

Don't know/no answer. . . 16 NA 4 5 6 5

F. "Even if it brings no immediate benefits,
scientific research which advances the

Agree
Disagree

NA
NA

NA
NA

NA
NA

79

16

81

15

BO

16

frontiers of knowledge is necessary and
should be supported by the Federal

Don't know/no answer. . NA NA NA 5 4 4

Government."

G. "One of the bad effects of science is that Agree 23 37 30 37 33 34

it breaks down people's ideas of right Disagree 67 56 63 57 61 59

and wrong," Don't know/no answer. . 10 7 7 7 6 7

H. "Scientists should be allowed to do research Agree NA NA NA 63 53 50

that causes pain and injury to animals like Disagree NA NA NA 30 42 44

dogs and chimpanzees if it produces new
information about human health problems."

Don't know/no answer. . . NA NA NA 7 5 6

I. "It is not important for me to know about Agree NA NA NA NA 14 14

science in my daily life." Disagree NA NA NA NA 84 86

Don't know/no answer. . NA NA NA NA 1 1

J. "Some numbers are especially lucky for some Agree NA NA NA 43 37 36

people." Disagree NA NA NA 53 59 60

Don't know/no answer. . NA NA NA 4 5 4

K. "Science makes our way of life change Agree 43 44 46 44 40 37

too fast."' Disagree 51 53 52 53 59 60

Don't know/no answer. . . 6 3 2 3 2 3

L. "Most scientists want to work on things Agree 90 NA NA BO BO BO

that will make life better for the Disagree 5 NA NA 16 17 16

average person." Don't know/no answer. . 5 NA NA 4 3 4

M. "Rocket launchings and other space Agree NA NA NA 44 NA 39

activities have caused changes in Disagree NA NA NA 44 NA 47

our weather." Don't know/no answer. . . NA NA NA 12 NA 14

N. "It is not wise to plan ahead because Agree NA NA NA 24 NA 19

many things turn out to be a matter Disagree NA NA NA 74 NA BO

of good or bad luck anyway." Don't know/no answer. . . NA NA NA 2 NA 1

(continued)

el: 1
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Appendix table 7-7.
Public attitudes toward science and technology
(page 2 of 2)

1957 1979 1983 1985 1988 1990

Percent
0. "New inventions will always be found to Agree NA NA NA 47 NA 37

counteract any harmful consequences Disagree NA NA NA 45 NA 56

of technological development." Don't know/no answer. . . NA NA NA 8 NA 7

P. "Every high school student in the United Agree NA NA NA 69 NA 73

States should be required to take a Disagree NA NA NA 28 NA 25

science course every year." Don't know/no answer. . . NA NA NA 3 NA 2

0. "Every high school student in the United Agree NA NA NA 87 NA 87
States should be required to take a Disagree NA NA NA 12 NA 12

math course every year." Don't know/no answer. . , NA NA NA 1 NA '

N. 1919, 1,635 1,631 2,005 2,041 2,033

NA = not asked: = less than 0.5 percent

NOTE Percentages may not total 100 because of rounding.

1957 and 1983 wording: "Science is making . . .": 1979 wording: "Scientific discovenes are making . . .

1 957 wording: "It has been said that we depend too much on science and not enough on faith. How do you personally feel aboutthat statement?"This was
an open-ended question, coded by the interviewing organization. Those who responded that we should rely more on faith were coded as agreeing; those who
said we should rely more on science were coded as disagreeing: those who thought we should rely on both or who saw no conflict were listed as "neither."

31979 wording: "Scientific discoveries tend to break down people's ideas of right and wrong."

1985 wording: "Studios (should be permitted) that cause pain and injury to animals like dogs and chimpanzees, but which produce new information about
human disease or health problems."

1957. 1983, and 1985 wording: "One trouble with science is that it . .": 1979 wording: "Scientific discoveries make our lives change too fast."

SOURCES: Survey Research Center, The Pub!ic Impact of Science in the Mass Media: A Report on .ition-Wide Survey for the National Association of
Science Writers (Ann Arbor, MI: Institute for Social Research, University of Michigan, 1958): and J ivtiller, Public Attitudes Toward Science and Technology.
1979-1990, Integrated Codebook (Chicago. International Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991).

See figures 7-5, 7-14, 7-15, 7-16, and 7-17, and figures 0-24 and 0-25 in Overview. Science & Engineering Indicators 1991
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Appendix table 7-8.
Public assessments of scientific research

Beneficial Harmful

Only About Only Don't know/
Strongly slightly equal' slightly Strongly no answer

Total public

Male

Female

Percent
1979 .. . . 46 23 13 6 4 8 1,635
1981 . . . . 42 28 12 12 5 1 1,536

1985 . . . . 44 24 4 13 6 9 2,005

1988 . . . . 53 22 5 8 4 8 1,042

1990 .. . . 47 23 7 10 3 10 2,033

1979 . . . . 51 22 10 6 3 7 773

1981 . . . . 48 27 10 10 5 1 724

1985. . . . 48 22 4 13 6 7 950

1988 . . . . 56 22 5 7 4 6 498

1990 . . . . 54 23 5 9 4 5 964

1979 . . . . 42 24 17 6 4 8 862

1981 . . . . 37 28 14 14 5 2 812

1985 . . . . 40 25 5 14 6 10 1,054

1988 . . . . 51 21 5 9 4 10 544

1990 . . . . 40 23 9 11 3 14 1,070

Less than high 1979 . . . . 26 23 17 10 6 19 465

school graduate 1981 . . . . 26 23 23 18 9 2 385

1985 . . . . 20 21 8 19 13 19 507

1988 . . . . 33 24 8 15 6 14 293

1990 . . . . 24 23 11 16 4 22 495

High school graduate
or some college

College graduate

1979. . 50 25 12 5 3 3 932

1981. . 43 31 9 12 4 1 886

1985 . . . . 47 25 4 13 4 7 1,143

1988 . . . . 56 23 4 6 4 7 574

1990 . . . . 49 25 6 10 3 7 1,179

1979. . . 69 17 8 2 3 1 238

1981. . . 64 22 7 4 2 ' 264

1985 . . . . 67 22 2 6 2 1 349

1988 . . . . 79 14 1 2 1 3 175

1990 . . . . 70 18 3 3 1 5 359

Attentive public
for new scientific 1988. . . . 60
discoveries 1990. . . . 61

26
19

4

1

5 3 81

5 3 11 168

'People have frequently noted that scientific research has produced both beneficial and harmful consequences. Would you say that, on balance. the benefits of
scientific research have outweighed the harmful results. or have the harmful results of scientific research been greater than its benefits?

Would you say that the balance has been strongly in favor of beneficial results. or only slightly? Would you say that the balance has been strongly in favor of harmful
results, or only s4ghtly2"

= less than 0.5 percent

Offered as a respcnse category for the first time in 1990: in prior years. volunteered by respondent.

SOURCES: J.D Miller. Public Attitudes Toward Science and Technology. 1979-1990. Integrated Codebook (Chicago: International Center for the Advancement of
Scientific Literacy. Chicago Academy of Sciences. 1991) : and unpublished tabulations.

See figure 7-6 and text table 7-3. Science & Engineering Indicators 1991
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Appendix table 7-9.
Public confidence in people running various institutions: 1973-90

Appendix A. Appendix Tables

Institution 1973 1974 1975 1976 1977 1978 1980 1982 1983 1984 1986 1987 1988 1989 1990

Percent
Medicine 54 60 50 54 51 46 52 45 51 50 46 52 51 46 46
Scientific community 37 45 38 43 41 36 41 38 41 44 39 45 39 40 37

U.S. Supreme Court 31 33 31 35 35 28 25 30 28 33 30 36 35 34 35

Military 32 40 35 39 36 29 28 31 29 36 31 34 34 32 33

Education 37 49 31 37 41 28 30 33 29 28 28 35 29 30 27
Major companies 29 31 19 22 27 22 27 23 24 30 24 30 25 24 25

Organized religion 35 44 24 30 40 31 35 32 28 31 25 29 20 22 23
Press 23 26 24 28 25 20 22 18 13 17 18 18 18 17 15

Average 35 41 31 36 37 30 33 31 30 34 30 35 31 31 30

N= 1,504 1,484 1,490 1,499 1,530 1,532 1,468 1,506 1,599 989 1,470 1,466 997 1.035 899

"I am going to name some institutions in this country. As far as the people running these institutions are concerned.
confidence, only some confidence, or hardly any confidence at all in them?"

NOTE: Survey was not conducted in 1979 and 1981, and question was not asked in 1985.

SOURCE: National Opinion Research Center, General Social Surveys, Cumulative Codebook. J.A. Davis and T.W.
of Chicago. annual series).

See figure 7-7.

would you say you have a great deal of

Smith, principal investigators (Chicago: University

Science & Engineering Indicators 1991
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Appendix table 7-10.
Assessments of genetic engineering research: 1985 and 1990

Benefits exceed risks

About
equal'

Risks exceed benefits
Don't know/
refused to

answerSubstantially
Only

slightly Substantially
Only

slightly

Percent

Total public 1985 . . . 23 26 2 14 25 12 2,005

1990 . . . 20 26 5 18 18 13 2,033

Male 1985 . . . 26 27 2 12 22 11 950

1990 . . . 21 30 6 16 16 11 964

Female 1985 . . . 19 24 2 14 27 15 1,054

1990 . . . 19 22 4 20 20 14 1,070

Less than high 1985 . . . 19 28 1 12 23 17 507

school graduate 1990 . . . 16 26 7 16 15 20 495

High school graduate 1985 . . . 21 23 2 14 27 13 1,143

or some college 1990 . . . 19 26 4 20 21 10 1,179

College graduate 1985 . . . 32 29 2 12 18 8 349

1990 . . . 29 25 5 15 14 12 359

Attentive public
for new scientific
discoveries 1990 . . . 35 28 5 12 13 7 168

Attentive public for
medical discoveries 1990 . . . 31 25 3 16 13 12 323

"Some persons have argued that the creation of new life forms through genetic engineering research constitutes a serious risk, while other persons have
argued that this research may yield major benefits for society. In your opinion, are the risks of genetic engineering research greater than the benefits, or are
the benefits greater Vian the risks? Would you say that the benefits have substantially exceeded the risks, or only slightly exceeded the risks? Would you

say that the risks have substantially exceeded the benefits, or only slightly exceeded the benefits?"

NOTE: Percentages may! )t total 100 because of rounding.

'Offered as a response category for the first time in 1990: in prior years, volunteered by respondent.

SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990, Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991); and unpublished tabulations.

See figure 7-8. Science & Engineering Indicators 1991
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Appendix table 7-11.
Assessments of nuclear power: 1985, 1988, and 1990

Benefits exceed risks
About
equal

Risks exceed benefits Don't know/
refused to

answerSubstantially Slightly Slightly Substantially

Percent
Total public 1985. ... 28 21 1 13 31 6 2005,

1988 .. . 18 23 3 17 30 9 2041,

1990.. .. 24 22 5 13 28 8 2,033

Male 1985. ... 37 21 1 9 26 6 950
1988 . .. . 23 26 2 15 25 9 958
1990. ... 31 24 5 11 26 3 964

Female 1985. .. . 18 21 2 13 35 8 1,054
1988.. .. 14 20 3 18 32 12 1,083
1990... . 17 21 4 15 30 13 1,070

Less than high 1985. .. . 28 21 1 14 26 11 507
school graduate 1988. .. . 15 25 4 18 25 14 530

1990. . . . 21 20 6 13 23 18 495

High school graduate 1985... . 27 21 2 12 32 6 1,143
or some college 1988. . .. 18 22 3 17 33 9 1,155

1990.. .. 23 23 4 13 32 6 1,179

College graduate 1985. . . . 28 21 1 12 34 4 349
1988. ... 22 23 2 14 32 8 356
1990... . 31 23 4 13 25 4 359

Attentive public
for new scientific 1988. .. . 26 34 4 16 25 4 174
discoveries 1990. .. . 28 31 2 10 24 5 168

Attentive public 1988. ... 30 17 4 12 30 5 161

for nuclear energy 1990. .. . 45 13 3 7 31 1 157

Attentive public 1988. . 31 23 6 14 23 4 144
for new technologies 1990. . 35 21 4 7 31 2 148

Attentive public for
environmental issues 1990. . 23 20 6 11 34 6 412

"In the c Trent debate over the use of nuclear reactors to generate electricity there is broad agreement that there are some risks and some benefits
associated with nuclear power. In your opinion, are the risks associated with nuclear power greater than the benefits, or are the betwfits associated with
nuclear power greater than the risks? Would you say that the benefits have substantially exceeded the risks, or only slightly exceeded the nsks? Would
you say that the risks substantially exceed the benefits, or only slightly exceed the benefits?"

NOTE: Percentages may not total 100 because of rounding.

'Offered as a response category for the first time in 1990: in prior years, volunteered by respondent.

SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990, Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991); and unpublished tabulations.

See figure 7-8. Science & Engineering Indicators - 1991
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Appendix table 7-12.
Assessments of the space program: 1985, 1988, and 1990

Benefits exceed costs
About
equal

Costs exceed benefits Don't know/
refused to

answerSubstantially Slightly Slightly Substantially

Percent

Total public 1985. . . . 27 26 2 14 24 7 2,005
1988. . .. 22 24 3 18 26 9 2,041
1990.. .. 18 24 5 16 31 6 2,033

Male 1985.. .. 34 29 2 12 18 5 950
1988.. . 28 26 4 13 22 7 958
1990.. . . 23 25 5 15 27 5 964

Female 1985. . .. 21 23 3 16 30 7 1,054

1988.. .. 16 22 3 22 29 8 1,083

1990.. .. 14 22 4 16 35 9 1,070

Less than high 1985. . .. 22 22 3 16 26 11 507

school graduate 1988. . .. 15 25 3 20 29 8 530
1990.. . . 15 20 7 15 32 11 495

High school graduate 1985. . .. 26 27 2 14 26 5 1,143

or some college 1988.. .. 21 23 3 17 27 9 1.155

1990.. .. 17 25 3 16 33 6 1,179

College graduate 1985.. .. 36 27 2 12 17 6 349
1988. . .. 33 23 3 15 16 10 356
1990. . .. 26 26 5 15 24 4 359

Attentive public
for new scientific 1988.. . . 35 24 2 11 22 5 174

discoveries 1990. . .. 26 35 5 14 18 2 168

Attentive public 1988. . .. 33 28 1 9 23 5 144

for new technologies 1990. . .. 27 31 2 12 26 2 148

Attentive public for 1988. . .. 46 28 2 7 13 2 164

space exploration 1990. . .. 35 34 3 11 15 2 123

"M.!ny ciment issues in science and technology may be viewed as a judgment of relative risks and benefits or costs and benefits. Thinking first about the
space ort..19.am, some persons have argued that the costs of the space program have exceeded its benefits, while other people have argued that the
benefits of spdce explcr3tion have exceeded its costs. In your opinion, have the costs of space exploration exceeded its benefits, or have the benefits of
space exploration dire ded its costs? Would you say that the benefits have substantially exceeded the costs, or only slightly exceeded the costs? Would
you say that the COM tteve substantially exceeded the benefits, or only slightly exceeded the benefits?"

NOTE: Percentages may not total 100 because of rounding.

'Offered as a response category for the first time in 1990; in prior years. volunteered by respondent.

SOURCES Miller. Public Attitudes Toward Science and Technology. 1979-1990. Integrated Codobook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991); and unpublished tabulations.

See figure 7-9. Science & Engineering Indicators 1991
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Appendix table 7-13.
Assessments of U.S. strength in education, innovation, and science: 1987 and 1989

Very
strong Strong Weak

Very
weak

Don t
know

Percent
Our system of public education 1987 10 38 40 7 5 4 244

1989 . . . . 12 36 41 9 2 2.048

Technical and engineering innovation 1987 19 51 21 2 7 4 244
1989 17 52 24 3 4 2.048

Scientific researcn 1989 23 56 14 2 5 2.048

"Would you say today that the United States is very strong. strong. weak. or very weak compared to other countries in the following areas?

SOURCE: Times Mirror Center for the People and the Press. "The People. Press. and Politics." data a5kette (Washington. DC 1989)

See figure 7-12. Science & Engineering Indicators 1991
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Appendix table 7-14.
Public preferences for spending in the United States: 1973-90

! (1.
cr)z0
cr)

oo

trlz
(C)
z'
ca
ca
z)z
(r)
5-
Q.
cvi
a)

o
i

co
....

4.973 1974 1975 1976 1977 1978 1980 1982 1983 1984 1985 1986 1987 1988 1989 1990

Space exploration
program

Improving and
protecting the
environment

Improving and
protecting the
Nation's health

Dealing with
drug addiction

Improving the
Nation's education
system

Military,
armaments,
and defense

Too little
About right
Too much
Don't know/no answer

Too little .
About right
Too much
Don't know/no answer

Too little
About right
Too much
Don't know/no answer

Too little
About right
Too much
Don't know/no answer

Too little
About right
Too much
Don't know/no answer

Too little
About right
Too much.
Don't know/no answer

N

7

29

58
5

61

26
7

6

61

31

5

4

65
22

6

8

49
38

9

4

11

45
38

6

1,504

8

27

61

4

59
26

8

7

64
28

5

4

60
28

6

6

50
37

8

4

17

45
31

7

1,484

7

30
58

4

53

31

10

6

62
28

5

4

55
29

8

8

49
35

11

4

17

46
31

7

1,490

9

28
60

3

55
31

9

5

60
31

5

4

58
27

8

7

50
37

9

4

24

42
27

7

1,499

10

34
50

6

47
34
11

8

56
32

7

5

54

29
8

8

48
39
10

5

24
45
23

8

1,530

12

35
47

6

52

33
10

5

55
34

7

4

55

31

9

5

52
34
11

4

27
43
22

8

1,532

18

34
39

8

48
31

15

6

55
34

8

4

59
25

8

8

53
33
10

4

56
26
11

7

1,468

Percent
12

41

40
6

50
32
11

7

56
32

6
5

57
27

8

8

56
32

8

5

29
36
30

5

1,506

14

40
40

6

54
31

8

7

57
34

5

4

59
30

5

6

60
31

6

3

24
38
32

6

1,599

12

43
39

6

58

32
4

5

57
31

7

5

62
27

6

5

63
31

3

3

17

41

38
4

490

11

44
40

4

56
31

8

5

5d
33

6
3

62
28

5

5

60
31

5

4

14

42
40

4

751

11

43
41

5

59

29
5

7

58
34

4

4

b8
31

6

5

60
32

4

3

16

38
40

5

730

16
38
40

6

65
25

5

6

67
26

4

3

65
28

4

3

61

30
6

3

15

40
40

5

485

18
42
34

6

65
26

5

5

66
28

3
4

68
24

4

4

63
29

4

4

16

40
38

6

718

15

44

35
7

71

20
4

5

68
25

3

4

70

19

6

4

67
27

3

4

14

40
39

6

768

11

44
39

6

71

19

5

6

72
22

3

3

64
26

7

4

71

23
3

4

10

42
42

6

674

-We an, f,ici ci with ni,my 14.ohlems m this country, none of which can be solved easily or inexpensively. I'm going to name some ofthese problems, and for each one I'd like you to tell me whether you think we're spending too

much minu,y on it too IMO monoy. or about the right amoi rfl

NOT F.S Survey was not conducted in 1979 and 1981. Percentages may not total 1;() because of rounding.

-;(-)1113CF Ndlional Opinion Research Center. General Social. Surveys, Cumulative Codebook, J.A. Davis and T.W. Smith. principal investigators (Chicago: University of Chicago. annual series).

SC( figure /-13 and figure 0-25 in Overview. Science ti Engineering Indicators 1991
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Appendix table 7-15.
International comparisons of public attitudes toward science and technology

A

Percentage who agree
Canada 80 52 45 NA 46 22 NA NA 1,000

Europe' 73 27 46 74 59 37 34 46 11,677

Belgium 68 28 35 70 53 41 39 42 1,000

Denmark 68 29 38 72 58 34 16 40 1,013

France 76 19 45 91 58 36 44 58 1,004

Great Britain 76 27 44 83 51 29 24 42 976

Greece 84 36 52 73 76 45 57 57 1,000

Ireland 70 20 45 74 54 35 28 48 1,006

Ita'y 71 23 55 77 65 37 40 49 1,022

Luxembourg 76 23 46 78 62 27 30 41 303

The Netherlands 75 26 42 78 60 39 23 28 1,025

Portugal 60 26 39 49 51 33 39 43 1,000

Spain 67 19 57 72 70 46 38 57 1,001

West Germany 74 24 38 53 53 36 29 35 1.024

United States 83 39 51 80 37 14 NA NA 2033,

A "Science and technology are making our lives healthier, easier, and more comfortable."
B "On balance, computers and factory automation will create more jobs than they will eliminate." Canadian wording: "On balance,

mom jobs will be created than lost as a result of computers and factory automation."
C "We depend too much on science and not enough on faith."
D "Even if it brings no immediate benefits, scientific research which advances the frontiers of knowledge should be supported by the

government."
E "Science makes our way of life change too fast."
F "It is not important for me to know about science in my daily life."
G "Scientists can be trusted to make the right decisions."
H "The benefits of science are greater than any harmful effects."

NA = not asked

Europe" includes 300 respondents from Northern Ireland not otherwise broken out here.

SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990. Integrated Codebook (Chicago: International
Center for the Advancement of Scientific Literacy. Chicago Academy of Sciences. 1991): E.F. Einsiedel. Scientific Literacy. A Survey
of Adult Canadians (Calgary, Alberta: Graduate Program in Communication Studies, University of Calgary, 1990): and Commission
of the European Communities, unpublished tabulations.

See figure 7-16. Science & Engineering Indicators 1991
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Appendix table 7-16.
Japanese public attitudes toward science and technology: 1990

Strongly
agree Agree Disagree

Strongly
disagree

Not sure/
don't know

1. "Science and technology are making
our lives healthier, easier, and

Percent

more comfortable " 14 40 26 6 13

2. "Science and technology are making
our jobs more interesting." 10 32 31 5 22

3. "The widespread use of robots and
computers is decreasing the number
of jobs." 12 44 28 5 13

4. "Science and technology will solve
most of the economic and social
problems we face today." 4 20 44 14 17

5. "The study of science and mathematics
in school is helpful in developing
students ability to think logically
and systematically." 7 41 27 6 18

6. "In comparison to other countries,
Japan doesn't have a good environment
in which the individual creative
scientist can work and develop." 14 44 19 3 20

Not Don't
Improved changed Worsened know

7. "Do you think science and technology have
improved. worsened. or not changed the
following?"

Our standard of living 76 15 3 6

Working conditions 48 24 14 14

Morality 8 35 38 20

About the Don't
Positive same Negative know

8. "Science and technology have both positive
and negative effects. Which do you think
has been greater-----the positive effects
or the negative effects?" 53 31 7 10

N = 2.239

NOTE: Percentages may not total 100 because of rounding.

SOURCE: Office of the Prime Minister of Japan. Public Relations Office. Opinion Survey on Science. Technology, and Society. T. Welch,
translator (Washington. DC: Science Resources Studies Division, National Science Foundation. 1991).

See figure 7-17. Science & Engineering Indicators - 1991
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Appendix table 7-17.
Interest in and knowledge about science and technology issues

Percentage very interested in ... Percentage very well-informed about . . .

N

New
scientific

discoveries

New
inventions

and technology

New
medical

discoveries

New
scientific

discoveries

New
inventions

and technolcgy

New
medical

discoveries

Canada' 45 38 59 16 12 29 1,000

Europe' 34 32 41 12 12 14 11,677

Belgium 28 28 35 12 12 13 1,000

Denmark 28 28 30 9 11 11 1,013

France 52 48 61 18 17 22 1,004

Great Britain 36 37 43 10 11 11 976

Greece 23 20 27 5 5 6 1,000

Ireland 28 30 32 9 10 9 1,006

Italy 39 34 46 18 16 23 1,022

Luxembourg 42 37 41 11 12 13 303

The Netherlands 45 46 59 13 16 20 1,025

Portugal 21 20 25 5 5 6 1,000

Spain 22 22 20 7 7 6 1,001

West Germany 24 19 32 9 10 10 1,024

United States 39 39 68 14 11 24 2,033

'The Canadian questionnaire asked about interest in "stories about medicine and health.'

'"Europe' includes 300 respondents from Northern Ireland not otherwise broken out here.

SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990, Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991): E.F. Einsiedel, Scientific Literacy: A Sun .zwy of Adult Canadians (Calgary,
Alberta: Graduate Program in Communication Studies, University of Calgary, 1990); and Commission of the European Communities, unpublished
tabulations.

See figure 7-18. Science & Engineering Indicators 1991
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Appendix table 7-18.
Canadian, European, and U.S. perceptions of astrology

Very
scientific

Sort of Not at all
scientific scientific

Don't
know

Percent
Canada 10 35 49 7 1,000

Europe' 14 41 32 13 11,677
Belgium 13 38 35 15 1,000
Denmark 13 48 24 15 1,013
France 11 50 31 8 1,004
Great Britain 16 38 40 7 976
Greece 18 35 25 22 1,000
Ireland 18 34 27 21 1,006
Italy 12 34 40 15 1,022
Luxembourg 12 50 34 6 303
The Netherlands 11 .... 46 31 12 1,025
Portugal 19 29 15 27 1,000
Spain 30 34 16 21 1,001

West Germany 8 46 32 14 1,024

United States 6 29 60 5 2.033

NOTE: Percentages may not total 100 because of rounding.

-Europe" inoludes 300 respondents from Northern Ireland not otherwise broken out here.

SOURCES: J.D. Miller. Public Attitudes Toward Science and Technology. 1979-1990. Integrated Codebook (Chicago:
International Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991): E.F. Einsiedel,
Scientific Literacy: A Survey of Adult Canadians (Calgary. Alberta: Graduate Program in Communication Studies.
University of Calgary, 1990): and Commission of the European Communities, unpublished tabulations.

See figure 7-19. Science & Engineering Indicators 1991
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Apperdx table 7-19.
Canadian and U.S. knowledge of science and technology

Respondents answering correctly

Canada United States

Percent

A. "The center of the earth is very hot 85 79
B. "The oxygen we breathe comes from plants 80 85
C. "Electrons are smaller than atoms." 47 41
D. "Hot air rises." 96 95
E. "The continents are moving slowly about on

the surface of the earth." 75 77
F. "Human beings, as we know them today.

developed from earlier groups of animals." 58 45
G. "The earliest humans lived at the same time

as the dinosauN 46 47
H. "Which travels faster: light or sound?" 74 75
I. "Lasers work by focusing sound waves." 38 37
J. "Does the earth go around the sun, or does

the sun go around the earth?" 78 73
K. "How long does it take for the earth to go

around the sun?"' 51 48

N := 2,000 2.033

Number of questions answered correctly
o 0.3 0.3
1 0.5 0.7
2 . 1.7 1.9
3 . 3.8 5.2
4 . 6.1 7.7
5 10.0 11.3
6 14.2 13.6
7 16.3 15.2
8 . 14.4 15.3
9 13.7 12.3

10 10.5 9.7
11 8.8 6.7

Mean 7.28 7.00
Alpha 0 67 0.68
Standard deviation 2.31 2.37

'Canadian wording. U.S. wording was as follows: "The continents on which we live have been
moving their location for millions of years and will continue to move in the fut;ire

madian wording. U.S. wording was as follows: "Human beings. as we know them today.
developed from earlier species of animals.'

Question K was asked if J was answered correctly.

SOURCES: E.F. Einsiedel, Scientific Liter, y: A Swvey of Adult Canadians (Calgary, Alberta:
Graduate Program in Communication Stikus. University of Calgary. 1990), unpublished
tabulations: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990, Integrated
Codebook (Chicago: lr,ternational Center for the Advancement of Scientific Literacy. Chicago
Academy of Sciences, 1991).

See figure 7-20. Science & Engineering Indicators - 1991
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Appendix table 7-20.
U.S. and European knowledge of science and technology

A

Percentage answering correctly
Europe' 85 81 41 69 47 24 37 57 83 52 11,677

Belgium 85 66 44 65 36 17 31 51 78 50 1,000
Denmark 91 85 35 65 54 50 40 70 81 53 1,013
France 87 82 46 84 49 21 33 69 84 56 1,004
Great Britain 88 76 38 76 56 40 51 73 75 45 976
Greece 78 73 45 51 24 15 17 31 81 55 1,000
Ireland 84 67 34 58 42 29 29 54 73 50 1,006
Italy 80 89 44 72 35 11 32 54 91 58 1,022
Luxembourg 85 86 48 76 59 12 41 67 86 57 303

The Netherlands 87 86 43 75 56 21 50 69 77 42 1,025

Portugal 68 73 33 40 26 6 18 25 80 42 1.000

Spain 73 71 36 60 35 24 25 44 80 55 1.001

West Germany. . 95 89 39 59 59 30 43 49 86 51 1,024

United States 79 85 41 77 47 30 37 63 73 48 2,033

Number of questions answered correctly'
0 1 2 3 4 5 6 7 8 9 10 Mean Alpha SD'

Percentage of respondents
Denmark 1.4 2.1 3.3 7.1 9.3 12.9 15.4 15.2 14.3 12.3 6.8 6.23 0.71 2.357 1,013

Great Britain 0.9 2.4 4.4 9.7 9.8 9.6 14 5 15.0 14.3 10.6 8.7 6.17 0.73 2.458 976
Luxembourg 0.3 3.0 4.6 5.3 9.6 12.9 15.5 16.5 17.8 10.6 4.0 6.17 0.70 2.245 303

France 0.4 1.4 3.6 7.0 10.6 14.2 17.4 17.1 13.8 11.3 3.2 6.11 0.65 2.125 1,004

The Netherlands 0.7 2.2 3.4 6.8 12.9 13.5 14.9 16.0 14.9 11.0 3.7 6.05 0.67 2.226 1,025

West Germany 0.1 0.9 3.0 9.5 13.1 16.9 17.0 13.6 11.6 8.3 6.1 5.97 0.64 2.145 1,024

United States 0.6 2.6 5.4 9.2 13.0 14.5 16.0 13.0 10.5 9.0 6.1 5.79 0.69 2.350 2033,

EUROPE 1.5 2.6 5.2 9.3 11.9 14.1 15 3 14.2 12.1 9.1 4.6 5.75 0.71 2.368 11,677

Italy 0.8 2.5 6.4 9.7 12.4 15.1 14.1 15.0 12.2 8.8 3.0 5.66 0.73 2.294 1,022

Belgium 2.7 3.3 6.8 11.5 14.1 14.8 15.7 12.8 9.2 6.6 2 5 5.24 0.69 2.355 1,000
Ireland 3,5 4.6 7.2 10.0 13.8 14.8 14.5 12.2 9.6 6.4 3.4 5.19 0.72 2.474 1,006

Spain 4.8 5.3 8.6 10.7 12.6 14.5 12 7 10.5 9.3 8.3 2.7 5.03 0.76 2.603 1,001

Greece 5.1 5.8 8.6 11.6 13.9 14.4 17.4 11.8 5.7 4.0 1.7 4.71 0.73 2.393 1,000

Portugal 8.0 9.3 13.2 12.2 12.7 14.7 11.0 8 3 7.2 2.9 0.5 4.09 0.77 2.481 1.000

A "The center of the earth is very hot."
B -The oxygen we breathe comes from plants."
C 'Electrons are smaller than atoms.'
D European wording: "The continents are moving slowly about on the surface of the earth." U.S. wording: "The continents on which we live have been ving

their location for millions of years and will contimie to move in the future."
-The earliest humans lived at the same time as the dinosaurs."

F -Antibiotics kill viruses as well as bacteria."
G -Lasers work by focusing sound waves."
H European wording: "All radioactivity is manmade." U.S. wording: "Is all radioactivity manmade. or does some radioactivity occur naturally?"
I *Does the earth go around the sun. or does the sun go around the earth?"
J (Asked if Question I was answered correctly) "How long does it take for the earth to go around the sun?"

-Europe" includes 300 respondents from Northern Ireland not otherwise broken out here.

.Ranked on mean number of questions answered correctly.

SD standard deviation.

SOURCES: J.D. Miller, Pubhc Attitudes Toward Science and Technology. 1979.1990. Iltegrated Codebook (Chrago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991): unpublished tabulations: and Commission of the European Communities,
unpublished tabulations.

See figure 7-21 and figure 0-26 in Overview. Science & Engineering Indicators - 1991



Appendix table 7-21.
U.S. public assessments of U.S. international position in basic scientific achievements: 1990

Europe Japan Soviet Union

U.S.
is

ahead

About
the

same

U.S.
is

behind
Don't
know

U.S.
is

ahead

About
the

same

U.S.
is

behind
Don't
know

U.S.
is

ahead

About
the

same

U.S.
is

behind
Don't
know N

Percent

Total public 46 36 14 4 23 25 50 3 61 28 7 3 2,033

Gender
Male 55 30 13 2 29 25 45 1 71 22 4 2 964

Female 38 41 15 6 18 24 54 4 52 34 10 4 1,070

Degree level
No high school degree . . 38 36 15 10 27 24 43 6 46 39 8 7 495

High school graduate 47 36 15 2 20 25 55 1 62 28 8 2 1,179

College graduate 53 35 10 2 31 25 43 2 79 15 4 2 359

Science & math education
Low . 44 36 14 6 23 26 48 3 55 33 9 4 1,263

Metum 50 34 15 2 22 21 56 1 67 25 6 n
e_ 523

High 49 38 11 2 28 26 45 2 82 14 4 1 248

Age
18-24 43 38 17 3 11 22 65 1 54 35 11 1 322

25-3,1 . . 45 39 12 4 20 25 51 3 60 31 7 2 497

3544 53 30 15 3 24 24 51 1 68 22 8 2 366

45-64 47 35 14 4 32 23 44 1 63 26 8 3 533

65 arid older 42 37 14 6 25 29 39 7 59 28 4 8 315

Attentive publics
New scientific discoveries . 55 29 16 34 23 42 74 20 6 168

New technologies 61 27 12 33 23 44 78 19 3 148

Nhicloilr policy 66 27 17 26 27 46 76 22 2 157

Medical discoveries. 50 33 17 26 24 50 64 28 8 323

Sr exploration. 60 34 6 38 25 38 77 20 2 123

F I woornental pollution . 34 17 27 21 52 69 27 4 412

'et we ,isk Li to Mark ,Thout rot Owe positron of the United States in the world III wgard to scienc( and technology. In terms of basic scientific achievements, would you saythat the United

of Fowne 'Japan. Soviet Union). behind Europe Papan. Soviet Union), or at about the same level2"

:ey, Mari 0 5 pcacent

t,i()11 Porcentages may not total 100 because of rounding.

IP',110r1(lentS With ASsociNte degrees

or an ,,xplanatioli of the education index. see (hapter 7. "The Science md Mathematics Education Index.- p 172.

11 41T .1 I) Wier, Public Attitudes Toward Sciou:o and Technology, 1979-1990, Integrated Codebook (Chicago: International Center for the Advancement Of Scientific Literacy. Chice.go

A adei,iy !:.;Grences. 1991). unpubhshed tabulations.
Science & Engineering Indicators 1991



Science & Engineering Indicators - 1991 471

Appendix table 7-22.
European assessments of international positions in science and technology: 1989

United States Japan

Europe is Europe is At the Europe is Europe is At the
more advanced less advanced same level more advanced less advanced same level

Scientific discoveries

Percent
Europe 13 46 29 27 41 18 11,677

Belgium 14 46 26 20 44 18 1,000

Denmark 7 45 35 15 54 17 1,013

France 19 34 38 28 41 21 1,004

Great Britain 18 40 12 30 41 18 976

Greece 12 61 12 14 57 11 1,000

Ireland 10 53 23 20 47 14 1,006

Italy 8 58 22 22 48 14 1,022

Luxembourg 8 44 27 22 40 15 303

The Netherlands 14 42 33 30 41 18 1,025

Portugal 10 42 18 15 39 15 1,000

Spain 7 66 12 14 60 7 1,001

West Germany . 15 38 40 39 22 30 1,024

Technology and Industry

Europe' 15 42 29 13 61 14 11,677

Belgium 12 44 26 11 55 17 1,000

Denmark 9 44 32 7 74 8 1,013

France 14 39 34 14 62 14 1,004

Great Britain 21 37 31 12 67 13 976

Greece 12 59 12 10 62 10 1,000

Ireland 14 47 24 11 61 11 1,006

Italy 11 49 24 10 66 10 1,022

Luxembourg 14 38 25 10 55 13 303

The Netherlands . 18 34 34 11 64 15 1,025

Portugal 8 42 20 9 47 14 1,000

Spain . . . . . ... 5 65 13 8 68 6 1,001

West Germany . . 23 30 38 20 49 23 1,024

Technological advances applied in everyday life

Europe* 13 47 27 19 48 19 11.677

Belgium 10 49 25 14 46 21 1,000

Denmark 10 43 29 15 52 16 1,013

France 15 40 32 18 49 19 1,004

Great Britain 15 49 25 20 51 17 976

Greece 12 57 12 11 59 10 1,000

Ireland 9 51 23 16 49 16 1.006

Italy 8 58 20 14 58 11 1,022

Luxembourg 14 44 22 15 46 18 303

The Netherlands . . 14 43 29 23 42 21 1,025

Portugal 7 42 20 9 45 16 1,000

Spain 6 61 13 9 60 10 1,001

West Gerrnany . . 18 33 39 31 26 32 1,024

"For each of the following fields, could you tell ine whether you think Europe is ahead or behind or at the same level as the United States
papiinl?"

NOTE: Nonresponses and -don't know" are omitted

-Europe.' includes 300 respondents from Northern Ireland not otherwise broken out here

SOURCE: Commision of the European Communities, unpublished tabulations,
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Appendix table 7-23.
U.S. public assessments of U.S. international position in military technology: 1990

Europe Japan Soviet Union
. _. _ _ _ .

U.S.
is

ahead

About
the

same

U.S.
is

behind
Don't
know

U.S.
is

ahead

About
the

same

U.S.
is

behind
Don't
know

U.S.
is

ahead

About
the

same

U.S.
is

behind
Don't
know N

Percent
Total public 69 26 3 2 71 18 7 4 46 42 9 3 2,033

Gender
Male 78 19 2 1 84 11 4 1 54 37 8 1 964

Female 61 31 4 4 59 25 10 6 39 46 11 4 1,070

Degree level
No high school degree 55 37 4 4 62 22 8 8 41 43 10 7 495

High school graduate' 71 24 3 2 71 19 8 2 45 44 10 1 1,179

College graduate 82 15 2 2 84 9 4 3 60 33 5 2 356

Science & math education
Low 64 30 4 3 65 21 9 5 43 44 9 4 1,263

Medium 75 21 3 2 e._ 77 15 6 2 48 41 10 1 523

High 86 12 1 1 87 10 3 1 61 32 6 1 248

Age
18-24 68 25 5 2 67 20 11 2 28 58 14 1 322

25-34 70 25 3 2 71 18 8 3 45 44 10 1 497

35-44 . 75 22 3 1 74 18 5 3 49 40 9 1 366

45-64 . 70 25 3 2 78 14 5 2 56 34 7 3 533

65 and older . 61 32 2 5 5,..1 24 7 10 48 37 6 9 315

Attentive publics
New scientific discoveries . . 77 23 1 80 15 6 54 36 10 168

New technologies . . . . 74 24 1 83 10 7 59 35 6 ' 148

Nuclear policy 85 15 80 16 4 66 28 6 157

Medical discoveries 77 22 2 73 21 6 52 39 10 323

space exploration . 79 21 1 87 11 3 58 35 7 123

Lnvirontnental pollution 80 19 2 79 17 5 55 38 7 412

m1111,111/ technology. would you say that the United States is ahead of Europe [Japan. Soviet Union]. behind Europe papan. Soviet Union]. or at about thesame ievel'r

than percent

ri Percentages fliay m.rt total 100 because of rounding

irihrie.-; revoorionts with a:,sociatc degrees

rrr an explanation of the editcation index see chapter 7 "The Science and Mathematics Education p. 172

,1() Ponbc Aritudes 7 ew,m1 Science ,ind Technology. 1979-1990. Integrated Codebook (Chicago: International Center for the Advancement et Scientqic Literacy. Chicago
ices, I ,.191 ) unpublished tabulations.

`s-le: text trible 7.6 Science & Engineering Indicators 1991
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AAAS Atnerican Association for the Advancement
of Science

NAEP National Assessment of Educational
Progress

APE Applied Physics Laboratory NAS/NRC National Academy of Science/National
Research Council

CAD/CAE computer-aided design and engineering NASA National Aeronautics and Space
CCSSO Council of Chief State School Officers Administration
CEHR Committee on Education and Human NCRA National Cooperative Research Act of 1984

Resources NCTM National Council of Teachers of
CFCs chlorofluorocarbons Mathematics
CPRE Center for Policy Research in Education NELS:88 National Education Longitudinal Study of
CRADA cooperative research and development 1988

agreement NIH National Institutes of Health
NORC National Opinion Research Center

DCAA Defense Contract Audit Agency NS&E natural science and engineering
DOC Department of Commerce NSF National Science Foundation
DOD Department of Defense
DOE Department of Energy OECD Organisation for Economic Cooperation

and De\ lopment
EC European Community OES OccupatioLil Employment Statistics

ITRDC federally funded research and development
OMB Office of Management and Budget

center R&D research and development
VITA Federal Technology Transfer Act R&E research and experimentation
FY fiscal year RDT& E research, development, test, and evaluation

GNP gross national product S&T science and technology
GSP gross state product SASS Schools and Staffing Survey
GSS General Social Survey SAT Scholastic Aptitude Test
GUF general university funds SBA Small Business Administration

SBIR Small Business Innovation Research
HDTV high-definition television SES socioeconomic status
HHS Department of Health and Human Services SIC

SIR
Standard Industrial Classification
statutory invention registration

IR&D independent research and development SME science, mathematics, and engineering
ISIC International Standard Industrial SS&C Scope, Sequence, and Coordination project

Classification

JRV joint research and development venture
USDA Department of Agriculture

L,SAY Longitudinal Study of American Youth
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Page numbers in boldface indicate appendb. tables.

AMS (American Association for (Inb
A( ivanceinent of Science), 36

Academic degrees. See Degrees.
Academic earmarking. 119
Academic R&D. See also Applied research:

Basic research; Development: Indus-
trial R&D; Research and devehip-
nwnt.

age structure of researchers, 128,
378-379

doctoral scientists and engineers in,
124-129. 375-383

facilities and instrumentation spending
for, 120-123, 363-369

funding for
by character of work, 116, 347-349
by field, 117-118. 35-1-38
by states. 105-107. 335-336
distribution of funds, 117, 118, 351-353
expenditures per researcher. 129
Federal support, 116-121, 129, 348-353.

359-363. 382-383
indirect costs. 119-120, 121
national context ol, 116, 347-349
national spending patterns, 4-5, 90-93,

306-311
sources of tunds. 10, 11, 116-117, 118,

348-353
geographic distributn of. 124, 125,

373-374
graduate students in, 130, 384-387
highlights, 114-115
institutional base tor, 123-121 370-372
literatun. from. See Literature.
overview of. 2, 9-10. 11
participation of researchers. 128. 380-381
patents resulting from, 130-131. 390-399

Acid rain, public knowledge of. 173, 454
Aeronautical/astrimautical engineering

academic R&D
docniral n.searchers, 124-129, 375
expenditures for, 117-118, 354-358
Federal obligations for, 119, 362-363

bachelors dcgrees in. 272
doctoral recipients in. 75-79, 286-296
masters fkgrees in, 273
R&I) jobs in. 71, 72, 267-271
recent S&E graduates in, 72-75, 272-285
salaries for recent graduates in, 72-7.1,

274-275
scientists and engineers employed in. 6,

67-72, 267-271
Aerospace, S&E jobs in, 68, 69
African Americans. See Black Americans.
Agricultural sciences. baccalaumAte institu-

tions of doctorate recipients, 47-48,
226

Agriculture. degrees in, 84-85, 303-304
Agriculture. Department of (1;SDA)

academic R&D expenditures, 118-120,
359-363

CRADAs, 102, 103
investment in precollege s( iencilinathe.

miles education. 222
R&D support, 94-97, 313-318
SBIR awards. 97, 327

Agriculture R&D, funding for, 101. 333
Alaskan Natives. precollege science class-

room experinients, 29, 220
Americati Association for the Advancement

of Science (AAAS), 36
American Indians. See Native AlloliCalls.
Animals, public attitmles to research with,

181, 182, 455-456

Applied research. See also Acmlemic R&D:
Basic research; Devehipment; Indus-
trial R&D; Research and develop-

defined, 91
Federal obligatkins for, 91-97, 313, 315,

318-320. 324-326
tunding for, 116, 347
national spending patterns, 4-5, 92, 93.

310. 312
Architectural services, S&E jobs in, 70
Articles. See Literature.
Asia

high.techindogy pr(alucts, niyalties and
license fees. 1-40-142, 411

immigrant scientists and engineers from.
83, 297

NS&E bachelors degrees awarded in.
59-62, 263-264, 266

p;pulati(ol of 20- to 24-p.ar-olds, 61, 265
Asian Americans

degrees
bachelors. 51, 236
doctoral. 55, 248-249
masters, 54, 245

diictoral acadenfic researchers, 126-128,
129. 376-377

doctoral S&E employment, 78-79.
288-289

graduate entollments. 53, 240
precollege enrollments, 26. 217-218
precollege science classroom experi-

ments. 29. 220
salaries for recent S&E graduates, 74,

274-275
Astrology. public attitudes toward. 186-187.

467
Astronautical engineering. See Aeronauti-

cal/astronautical engineering,
Attitudes, public. See Public attitudes toward

S&T.
Australia. advanced technobigy use. 155-157,

445

Bachelors degn.es. See 14(bgn'es. bachelors.
Balance of trade, 10, 1 1. 140. 141, 409-4111
Basic research. See also Academic R&D:

Apf died research; Development; In-
dustrial R&D; Research and develop-
ment.

defined, 91
Federal obligations for, 94-97. 313. 315.

317-323
funding for, 10, 11, 100, 108, 116, 331.

344, 347, 456
national spending patterns. 4-5, 92, 93,

309, 312
Belfavioral sciences

bachelors degrees in, 238
freshman intentions as predictors of bach-

elors degrees in, 52, 238
Belgium

patents granted to inventors from,
147-149. 430, 431

public attitudes toward S&T, 182-184,
464

astrology. 186-187, 467
issues, attention to. 186. 466
scientific conclusions, 187-188, 469

Bioloigical sciences. See also Life sciences.
baccalaureate institutions of doctorate

recipients. 47-48, 226
freshman planned major in. 9, 49, 229
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precolkge studies, qualilicatilms of n.ach-
ers, 31. 32

projected job growth in, 80-8')
Hialt igy

articles in. 129-130. 388-389
prec(dlege studies, enrollments in, 25-26,

211, 217
Biomedical research, articles in, 129-130,

388-389
Black Americans. See also Ethnic c(impar-

isons.
degrees

bachelors, 51, 236
doctoral. 55, 248-249
masters. 54. 245

doctoral acadeniic researchers, 126-128,
129. 376-377

doctoral S&E employment, 78-79,
288-289

intended majors of top mathematics SM'
scorer.. 23. 209-210

precollege enrollments, 26, 211-212,
217-218

precollege science classroom experi-
ments, 29, 220

prec(dlege students
goigraphy proficiency. 20-21
mathematics poniciency, 18, 202, 204
science proficiency, 17, 199, 201

S&E graduate enndlments, 53-51. 240
salaries for recent S&E graduates, 74,

274-275
Brazil, patents granted to foreigners, 150.

440-441
Britain. See United Kingdom.
iritish Columbia. Ser Canada.

Budget autliority. defined, 91
Business. See also Industry.

freshman planned career in. 49-50. 231
as intended major of hip mathematics SAT

scorers, 22-23. 206-2 to
small. See High-technology companies,

small business.
Business conditions, public attitude toward,

-449, -150
Business and related services, S&E jobs in,

69, 70, 269

Canada
advanced technology use. 155-157. 445
articles in MT. 10. 130, 388, 389
GDP per capita, 400
high-technology company ownership, -448
high-ti'clmology products, royalties and

license fees, 110-142, 411-114
immigrant scientists and engineers from,

83, 297
NS&E bachelors degrees awarded in,

60-62, 263, 266
patents

grants to inventors from, 147-149. 430.
431

interpatent citations. 153, 4-12
Public attitudes toward so% 182-184,

464
astrology, 186-187. 467
issues, attention to. 186, 466
scientific conclusions. 187. -168

R&D expenditures in the U.S. by, 11(1,
346

Carnegie classificati( in, -15-16,47. 223-226
CCSSO (Council of Chief State School

Officers), 26



Science & Engineering Indicators - 1991

Center for Policy Research in Education
(CPRE) study. 38-39

Central America, immigrant scientists and
engineers from. 83, 297

Challenger accident, public react;on to.
178-179

Chemicid engineering
academic R&D

doctoral researchers, 124-129, 375
expenditures for, 117-118, 334-338
Federal obligations for. 119, 362-363

bachehirs degrees in, 272
doctoral recipients in, 75-79, 286-290
masters (legrees in. 273
R&I) jobs in, 71. 72. 267-271
recent S& E graduates in, 72-75. 272-285
salaries for recent graduates in, 72-74.

274-275
scientists and engineers employed in, 6,

67-72. 267-271
Chemicals and allied lirinlucts. S&E jobs in,

68. 69. 271
Chemistry

articles in, 129-130. 388-389
precollege enrollments, 25-26. 211, 217

China
innnigrant scientists and engineers from.

83, 297
NS&E bachelors degrees awarded in,

60-62, 263-264, 266
population of 20- to 24-year-olds, 61, 265

Civil engineering
academic R&1)

doctoral researchers, 124-129, 375
expenditures for. 117-118, 354-358
Federal obligations for. 119. 362-363

bachelors degrees in. 272
doctoral recipients in, 75-79. 286-296
masters degrees in. 273
recent S&E graduates in, 72-75, 272-285
salaries for recent graduates in, 72-71,

274-275
scientists and engineer; employed in. 6.

67-72, 267-271
Clinical medicine, articles in, 129-130.

388-389
Clinical psychologist, freshman planned

career as, 49-50. 231
Colkge degrees. See Degrees.
College students. See Students, graduate and

undergraduate.
Colleges and universities

Carnegie classification of, 45-46, 47.
223-226

Congresskmal earmarking to. 119
Enrollments in

graduate, 52-54, 58-59. 239-2.13, 260
undergraduate. 18, 50. 51, 234

Federal R&D obhgations to. 95, 318-320
geographic distribution of R&D funds,

103. 335-336
patents awarded to, 130-131. 390-399
R&D in..See Academic R&D.

Commerm Departnwnt of (DOC)
CRADAs, 102, 103
DOC-3 classification of industries. 136
investment in precollege science/mathe-

matics educathm. 222
R&D support, 91-97, 313-318
SUll awards. 97, 327

Communications. S&E jobs in, 70. 268
Competitiveness in world markets. Sec

marketplace.
Computer po igrainnwr. frishman planned

career as,19-50, 231
omputcr sciences

academic R&D
doctoral researchers, 124-129. 373-383

expenditures for, 117-118, 123-124,
354-338, 370

facilities and instrument spending.
129-123, 364-368

Federal obligations for. 119, 362-363
Federal support, 129, 382
geographic distribution of, 121, 125, 373
RAs for. 130, 384-385

baccalaureate institutions of doctorate
recipients,17-18, 226

degrees
bachelors. 8. 50-51, 235-238, 272
doctoral, 54, 55-56. 247-248
masters, 53-55. 244-2.16. 273

doctoral recipients in, 9, 59, 75-79,
261-262, 286-296

Federal obligations for research in, 95-97.
321-326

freshman intentions as predictors of bach-
elors degrees in. 52, 238

freshman planned major in, 9.19, 229
graduate enrollments in, 52-54, 58-59,

239-243. 260
graduate stmlent financial support, 57-58.

232, 234
immigrants in, 83. 297
as intended major of top mathematics

SAT scorers, 22-23, 206-210
projected job growth in. 80-82
recent S&E graduates i». 72-75, 272-283
salaries for recent graduates in, 72-74.

274-275
Computer services. S&E jobs in, 70
Computer slavialists

dominance of science employment
growth, 79

R&1) jobs, 71, 72. 267-271
scientists and engineers employed as. 6.

67-72. 267-271
Congressional earmarking to colleges and

universities. 119
Consortia. See R&D consortia.
Construction. S&E jobs in. 69. 7(1. 268
Cooperative research and development

agreements (CRADAs). 102. 103
Council of Chief State School Officers

(CCSSO). 26
CPRE (Center for Policy Research in

Education) study. 38-39
CRADAs (cooperative research and develop-

ment agreements), 102, 103

1)ata pn icessing services, S&E jobs in. 70
Defense. 1)epartment of (1)01))

academic R&D expenditures. 118-121,
359-363

CRADAs, 102, 103
investment in precollege science/mathe-

matics edneation. 222
!R&D pnigram. 98-99. 143n, 329
R&I ) support. 94-97. 313-318
S&E graduate student financial support,

57-58. 252-253, 256-258
5131R awards. 97. 327

Defense policy, public attitude toward, 168.
449. 450

Defense R&D, funding for. 99-109, 330-331
Defense spending, public preferences for,

181, 463
Degrees

bachelors
by Carnegie classification. 16, 223
NS&E degrees awarded. 59-62,

263-264, 266
S&E degrees awarded, 8. 46. 50-52,

223. 235-238. 272
doctoral

5 s
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baccalaureate institutions of recipients,
47-48, 226

by Caniegie classification, 46, 47. 223
foreign recipients of, 9 59 261-262
NS& E, 85, 304
ratio Of awards to bachelors degrees. 56,

251
S& E degrees awarded, 46. 47, 54, 55-56,

225. 2.17-251
time from bachelors degree to, 55-56,

250
masters

by Carnegie classification. 46-47. 224
S&E degrees awarded, 4(1-47, 53-55,

224, 244-246. 273
NS& E

doctoral, 85, 304
as first degree, 84-85, 303

1)eniand
for precollege teachers. 33-35
for scientists and engineers, 79-83

Denmark
public attitudes toward S&T, 182-184.

464
astrology, 186-187. 467
isAes, attention to, 186. 466
scientific conclusions, 187-188, 4(39

I )eveltiliment
defined. 91
Federal obligations for, 94-97, 314, 316.

318-320
funding fir, 116, 347
national spending patterns. 4-5. 92, 93,

311-312
DOC. Sec Commerce, Department (If.
1)0C-3 classification of industries. 136
Doctoral degrees. See Degrees. doctoral.
1)01). See Defense, Department of.
DOE. See Energy, Department of.
DOT. See Transportation, Department of.

Earmarking to colleges and universities. 119
Earth sciences, articles in, 129-130, 388-389
Earth/space sciences

as intended major of top mathematics
SAT scorers. 206-2 / 0

precollege enrollments, 211
East Germany. patents granted to inventors

from, 117-149, 430, 431
EC. Svc European Community.
Education. See afso Students.

graduate
enrollments in, 52-54. 58-59, 239-243,

260
financial support. 57-58, 252-259
highlights, 44-45
overview of, 8-9

index of science & mathematics educa-
tion, 172

as intended major of top mathematics
SAT scorers. 22-23. 206-210

privollege
barrieN tO mi no wity and impoverished

students, 28-30, 220. 222
classroom activities, 27-28. 219-221
enrollments. 21-27, 211-218
federal role in, 35-36, 222
geography proficiency, 20-21
highlights, 14-15
intended majors of top mathematics

SAT scorers. 22-23, 206-210
international context of achievement, 8,

21-22
mathematics proficiency, 7, 18-20,

202-205
national efforts supporting. 35-37, 222
national goals for. 16. 35
overview ot, 6-8
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S&E interests of students, 2.1
science proficiency, 7, 17-18, 199-201
state reform movements, 37-39

public attitudes toward, 12, 179-180, 181,
462

public spending ()references for, 181..163
science literacy and, 169-170, 451, 452
undergraduate

enrollments in, 48, 50, 51, 234
financial support, 56-57
freshman characteristics, 48-50,

227-233
freshman intentions as predictors of

S&E bachelors degrees, 52, 238
highlights, 44-45
overview of, F-9

Education, Department of
investment in precidlege scienve/mathe-

matics education, 35-36, 222
R&D support, 94-97, 313-318
SBIR awards, 97, 327

Education Summit (1989), 16, 35
Electrical/electronic engineering

academic R&D
doctoral researchers, 124-129, 375
expenditures for, 117-118, 354-358
Federal obfigations for, 119, 362-363

bachelors degrees in, 272
doctoral recipients in. 75-79, 286-296
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masters degrees in, 273
R&D jobs in, 71, 72, 267-271
recent S&E graduates in. 72-75, 272-z85
salaries for recent graduates in, 72-74,

274-275
scientists and engineers employed in, 6,

67-72, 267-271
Electrical/ekctronic equipment, S&E R&D

jobs in, 271
Electronic components, S&E jobs in, 68, 69,

271
Ekmentary students. See Students, precol-

kge.
Emerging technologies. See Technologies.

emerging.
Employment of scientists and engineers. See

Science and engineering, workforce.
Energy, Department of (1)0E)

academic R&D expend:tures, 118-120,
359-363

('RAI)As. 1(12. 103
investment in precollege science/mathe-

matics education, 222
R&D support, 94-97, 313-318
SBIR awards, 97, 327

Energy R&D, funding for, 99, 100, 330-331
Engine('ring

academic R&I )
doctoral researchers, 124-129, 375-383
expenditures for, 117-118, 123-124,

354-358. 371
facilities and instrument spending.

120-123, 3(4-368
Federal obligations for. 119, 362-363
Federal support. 129, 383
geographic distribution of, 124, 125, 373
RAs for. 130. 387

articks in, 129-130, 388-389
degrees

bachelors, 8, 50-51, 59-112, 223.
215-238, 263-264, 266, 272

dot )ral, 54. 55-56, 225, 247, 249
maNters. 53-55. 224, 244-246. 273

doctoral recipients in. 9, 59, 75-79.
261-262, 286-296

Federal obligations for research in, 95-97,
321-326

freshman intentions as predictors of bach-
elors degrees in, 52, 238

freshman planned career in. 49-50, 231
freshman planned major in, 9, 49, 229
graduate enrollnwnts in, 52-54, 58-59,

239-243, 260
graduate student financial support, 57-58,

253, 255, 258-259
immigrants in, 83, 297
as intended major of top mathematics

SAT scorers. 22-23, 206-210
precollege student preferences for

careers in, 24
projected job growth in, 80-82
recent S&E ;raduates in, 72-75, 272-285
salaries for recent graduates in, 72-74.

274-275
undergraduate enrollments in, 48, 50, 51.

234
Enginmring services, S&E jobs in, 70
Engineers. See also Scientists; Scientists and

engineers.
employment of. See Science and engineer-

ing, workforce
nonacademic, 83-85, 298-299, 302
ill R&D, 84, :100-301
R&D jobs for, 70-72, 267-271

England. See United Kingdom.
English. precollege credits required for grad-

uation, 37
Enrollments

graduate, 52-54, 58-59. 239-243, 260
precollege. 24-27, 211-218
undergraduate, 48, 50. 51, 234

Environment, public spending preferences
for, 181. 463

Environmental pollution
attentiveness concept, 171, 453
public attitude toward, 168, 449, 450
public knowledge of. 173, 454

Environmental Protection Agency (EPA)
CRADAs, 102, 103
investment in precollege science/mathe-

matics education. 222
R&D support. 94-97, 313-318
SB1R awards, 97, 327

Environnwntal sciences
academic R&I)

doctoral researchers, 124-129, 375-383
expenditures for, 117-118, 123-124,

354-358, 370
facilities and instrument spending.

120-123. 364-368
Federal obligations for. 119, 362-363
Fedral support, 129. 382
geographic distribution of, 124, 125, 373
RAs for, 130, 386

baccalaureate instilutions of doctorate
recipients, 47-48, 226

degrees
bachelors. 8, 50-51, 235-237, 272
doctoral, 54, 55-56, 247-248
masters, 53-55, 244, 273

doctoral recipients in, 9, 59, 75-79.
261-262, 286-296

Federal obligations for research in, 95-97.
:421-326

graduate enrollments in, 52-54, 58-59,
239-243. 260

graduate student financial support, 57-58,
252,254

as intended major of top mathematics
SAT scorers, 206-210

recent S&F graduates in, 72-75, 272-285
salaries for recent graduates in, 72-74.

274-275
ITN See Environmental Protection Agency.
EquipnieLt

for academic R&D. 120-123, :467-369
R&D funding for. 143-146. 418-429

Eskimos. Ser Alaskan Natives.
Ethnic comparis(ms

degrees
bachelors, 51. 236-237
doctoral, 55, 248-249
masters. 54. 245-246

doctoral academic researchers, 126-128,
129, :476-377

docto ;al S&E employment, 78-79.
288-289

intended majors of top mathematics SAT
scorers. 23, 209-210

precollege enrollments, 26-27, 211-212,
217-218

precollege science classroom experi-
ments, 29, 220

precollege students
geography proficiency, 20-21
mathematics proficiency, 18, 202, 204
science proficiency, 17. 199, 201

Si& E graduate enrollments, 53, 240-241
salaries for recent S&E graduates, 74,

274-275
Eurobarometer program, 182
Europe

emerging technohigies compared with
U.S., 160, 162

high-technology products
global market for, 11. 137-138, 402404
royalties and license fees, 140-142,

411-414
immigrant scientists and engineers from,

83, 297
NS&E bachelors degrees awarded in,

59-62, 263-264. 266
population of 20- I:: Z4year-olds, 61, 265
pt..ljilc attitudes toward S&T, 182-184,

464
astrology, 186-187, 467
issues, attention to, 186, 466
perception of S&I achievements.

189-190, 4701-472
scientific conclusions, 187-188, 469

R&D expenditures in the U.S. by, 110,
346

Eumpean Conintunity (EC)
articles in S&T. 10. 130, 388, 389
Eurobarometer program, 182

Evolution, public knowledge of, 174
Expenditures for R&D. Sre Research and

development, funding for.
Exports. See Global marketplace.

Facilities and instrumentation for academic
R&D, 120-123, 363-369

Faculty, See Teachers.
Federal Government

CRADAs. 102. 103
R&D consortia and, 102
R&D funding

academic R&D, 10, 11, 116-121, 120,
348-353, 359-363, 382-383

by budget function, 99-101, 330-333
industrial R&D. 143-146, 417-423
WM) programs, 98-99, 143n, 329
national spending patterns, 89-93,

306-311
obligations, 4-5. 94-97, 313-326
SBIR awards, 97, 98, :427-328

R&D lax credits, 101-102, 334
role in precollege education. 35-36, 222
S&E graduate student financial support,

57-58, 252-259
S&E undergraduate student financial sup-

port. 57
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Fedcral Laboratory Consortium for
Technology Transfer, 102

Federal Republic of Germany (FRG). See
West Germany.

Federal Technology Transfer Act of 1986
(VITA), 102

Federally funded research and development
cent('rs (FRI)Cs)

defined, 91a
Federal k&D obligations to 95 318-320
geographic distribution of R&D funds.

103, 335-336
national spen(ling patterns, 91-93,

306-311
Females. See Women.
FFRI)Cs. See Federally funded research and

devehamilent centers.
Financial services, S&E jobs in, 69. 70, 269
Financial support

graduate students, 57-58. 252-259
for R&D. See Research and development.

funding for,
undergraduate students, 56-57

Food MD, funding for, 101, 333
Foreign inventors. See under l'atents.
Foreign policy. public attitude toward, 168,

449, 450
Foreign service worker, freshman planned

career as, 49-50, 232
Foreign students. See Stu(knts, foreign.
France

articles in S&T, 130, 389
GDP per capita. 400
high-technology company ownership, 448
high-technology products

global market for, 11, 137-138, 402-404
imports of, 138-139, 405
royalties and license fees, 140-142,

411-414
trade balances, 10, 11. 140. 409-410

immigrant scientists and engineers from,
83, 297

industrial R&D funding and performance.
142-143, 415, 416

nonacademic scientists and engineers in,
1-85. 298-299, 302

NS&E bachelors degrees awarded in,
60-62, 263-264. 266

NS&E degrees in, 84-85, 303-304
patents

classes favored by inventors from. 151,
435

grants to foreigners, 150, 440-441
grants to inventors from. 11, 147-149,

430, 431
interpatent citations, 153, 442

population of 20. te 24-year-olds, 61, 265
productivity growth, 154, 155, 443
public attitudes toward S&T, 182-184,

464
astrology, 186-187, 467
issues, al tention to, 186. 466
scientific conclusions, 187-188. 469

R&D expenditures, 3-4, 107-110,
341-346

scientists and engineers in manufactur.
ing, 302

scientists and engineers in R&D, 84,
3110-301

VITA (Fe(kral Techn(ilogy Transfer Act of
1986). 102

Funding for MI). See Research and develop-
ment, funding for.

GDP. See Gross domestic product.
Gender comparisons

assessments of scientific research,
175-177, 457

degrees
bachelors, 51. 235
doctoral. 55, 247
masters, 54, 244

doctoral academic researchers. 126. 127,
376-377

doctoral S&E employment, 78, 79,
286-287

environmental pollution, understanding
of, 173, 454

intended majors of top mathematics SAT
scorers. 23, 208, 210

nonacademic scientists and engineers, 84,
298

precollege enrollments, 26-27, 211-212,
217-218

precollege students
geography proficiency, 20-21
mathematics proficiency, 19, 202
S&I.: interests, 24
science proficiency, 17. 199

public attitudes toward S&T
attentiveness concept. 171, 453
genetic engineering research, 459
media use and museum visits, 169-170,

451, 452
nuclear power, 460
perception of S&T achievements,

189-190, 470, 472
space exploration, 461

recent S&E graduates. 74. 274-277.
280-285

S&E graduate enrollments, 53, 239,
242-243

salaries for recent S&E graduates, 74,
274-275

science & math education. 172
General science

precollege enrollments, 25, 211
R&D funding for, 99, 100, 330-331

General Social Survey (GSS), 176-177, 458
Genetic engineering research, public atti-

tudes toward. 177, 178, 459
Geography, precolkge proficiency in. 20-21
Germany. See East Germany; West

Germany.
Global marketplace

comixlitiveness issues, 136-138, 401
and emerging technologies, 160-162
exports, 139-140, 407-408
for high-tech products, See Ilighlechnolo-

gy products.
highlights, 134
home market, 138-139
national competitiveness factor, 135n
Overview of, 10
U.S. foreign markets, 139, 140, 406

Globalization of R&D. 110. 345-346
GNI'. See Gross national product.
Graduate education. See Education, gradu-

1Graduaite,lis tudents. Sec Students, graduate,
Great Britain. See United Kingdom.
Gre(Te

public attitudes toward S&T, 182-184,
464

astrology. 186-187..167
issues, attention to, 186, 46(1
scientific conclusions, 187-188, 409

Go)ss domestic product (GDP), international
cinnparimms, 135, 400

Gross national product (GNP)
implicit price deflator, 89n, 305

D funding iis percentage of, 89-90,
108-1M, 341-342

l'.S., 305
Gross state product. R&D funding as per-

centage of, 103-104. 337

,

481

GSS (('ieneral Social Survey), 176-177, 458

HDTV (iii!h-delinition television). 152
Health, pnblie spending preferences for, 181,

463
Ilealth and !Inman Services, Department of

(1111S)

academic R&D expenditures. 118-121.
359-363

CRADAs, 102, 103
investment in precollege science/niathe-

=tics education. 222
MD support, 94-97, 313-318
S&E graduate student financial support.

57-58. 252-253, 256-258
SBIR awards. 97, 327

Health R&D, funding for. 99-101. 330-333
LIDS. See Health and Human Services.

Department of.
Iligh.definition television (HDTV). 152
High-technology conipanies

foreign ownership of. 158, 448
highlights. 135
products of. See High-technology prod-

ucts.
small business

capital sources, 158, 159, 448
distribution by state, 157-158, 447
perfimanco of, 158-160
R&I), 97-!18, 327-328
state startup support. 105, 338-339
startup trends, 157, 158 446

High-technology industries
global market shares, 10, 11, 137-138.

402-404

Rgr&"1")1fh (mlIf, dinr;g3(.143-146, 417- 429
High-technology products. See also Global

marketplace; Patents.
classification of, 136n
exports of, 139-140, 407-408
foreign markets, 139, 140. 406
global market for. 136-138, 401
highlights, 135
imports of, 138-139, 405

Higher education. See Education, graduate
and undergraduate.

Hispanic Americans
degrees

bachelors, 51. 237
doctoral, 55, 248-249
masters. 54, 246

doctoral academk. researchers, 120-128,
129, 376-377

precollege enrollments. 26-27, 211-212,
217-218

precollege science classroom experi-
ments, 29, 220

precollege students
geography profickncy.
mathematics prolkiency, 18, 202. 204
science proficiency. 17, 199. 201

S&E graduate enoillnients, 53, 54, 241
salaries for recent S& E graduates. 74,

274-275
Homework, time spent on, 22
!long Kong

inint8.igrilit7scientists and engineers trmo,
patents granted to inventors from,

117-149, 430. 431
!lousing and Urban 1)evelopment,

Department of (HUI)), R&D support.
94-97, 313-318

Human origins, public knowledge of, 171
Human resources. Ser Science and engineer-

ing, workforce,
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Humannies, as intended maj(w of top (Italia,-
matics SAT scorers, 22-23, 206-210

Hungary, patents granted to inventors 1rom,
147-149, 430, 431

Immigrants in the ME workforce. 83, 297
Imports. See Global marketplace.
Indt.'pendent research and development

(IR&I)), 98-99, 143n. 32 9
Indexes

patent activity. 15nn
science and mathematics education. 172

India
immigrant scientists and engineers from,

83, 297
NS& E bachelors degrees awarded in.

60-62. 263-264. 266
patents granted to foreigners. 150,

440-441
pojallation of 20.- to 24-year-olds. 61, 2 65

indirect costs of academic R&D, 119-120.
121

Industrial engineering
bachelors degrees in. 272
masters degrees in. 273
R&D jobs in. 71. 72. 267-271
recent SAE graduat..'s in. 72-75. 272-285
salaries for recent graduates in. 72-74,

274-275
scientists and engim'ers employed in, (3,

67-72. 267-271
Industrial R&D. See also Academic R&11:

Applied research: Basic research:
Devehmment: Research and develop-
ment.

funding for
by foreign companies, 110. 345.346
by industry. 143-146. 424-129
by source of funds, 143-144. 4 1 7-4 20
Federal funding trends, 143-14 6.

117-423
I R&D programs. 143n
national spending patterns. 4-5. 89-93.

306-312
overseas, 110, 116, 345.346, 429
and Purforniance. 142-143. 415, 416

highlights. 134
Industrial ME job patterns, (37-72. 267-271
Industrial use of techn(dogy. 151-155
Industry. See also Business: High.technology

cmnpanies, small business.
as academic R&D support source. 10,

116-117. 118, 348-353
Federal R&D obligatiems to. 95. 318-320
geographic distribution of R&D funds.

103. 335-336
high-technology. Sec High-technology

industries.
litewature from. See Literature.
R&I

national spending patterns f(w, 89-93,
306-312

performed outside the U.S.. 110, 345
Instrumentation. See Equipn tent
Instruments and related products. ME jobs

in, 68, 69. 271
Intellectual property sales. 140-142,

411-41,1
Interior, I /epattment of

C RAI /As. 102, 111:1
hivestment in preodlege science/mathe-

matics educati(m. 222
R&I support. 9 I-97, 313-318
Fl31R awards. 97, 327

International comparisons
doctoral ME recipients , 9 , 59. 2 61-2 62
GI /P per capita. 135. 4 0 0
graduate S&E enrollments, 9, 58-59, 260

high-technology company ownership. 158.
448

nigh-techtufk (gy products
global market for. 10, 1 1. 137-138,

402-104
imports of. 138-139, 403
royalties and license fees, 1.111-14 2,

411-114
trade balances, 10. 11, 110. 409-410

immigrants in ME, 83, 297
industrial R&D funding and performance,

1 42-143. 41 5. 416
thmacademic scientists id engineers, 5.

83-85, 298-299. 302
NS& E degrees, 84-85, 303-304
imtent!:

classes favored. 150-151, -13 2-138
grants. M. IL 147-149. 4 30. 4 31
interpatem citations, 152-134, 442
natiem shares, 151-132. 439
nonresident inventors. 150. 440-441

preodkge mathematics achievement con.
text. 8, 91-92

jwoductivity growth. 15.1. 155, 443
public attitudes toward S&T, 182-184,

464
astrology. 186-187. 467
data set availability, 183
issues. attention to, 186. 466
perception of S&T achievements.

189-190. 470-472
scienlific conclusions, 1 2. 18 7-189,

468-470
Canada, and Europe, 184-185, 464

r.S. and ,lapan, 183-186, 189, 465
R&D expenditures. 3-4, 107-110,

341-346
scientists and engineers in tuanufautur.

ing. 302
scientists and engineers in R&D, 84,

300-301
technology use. 155-157. 44 4. 44

International and foreign jadicy. See Foreign
policy.

International markets for technology. See
(ilobal marketplace.

International Standard Inthistrial
Classification (151C) codes, 136n

Inventions
patented. See Patents.
ifublic attitudes toward international com-

parisons. 186. 466
Inventions and technologb-s. public attitude

toward, 168. 449, 450
I R&D (Independent research and develop-

ment). 98-99, 1.13n. 329
Iran. immigrant scientists and engineers

from. 83. 297
Ireland

imblic attitudes toward SWF. 182-184,
464

astrology. 186-187, 467
issues. attentbm to. 189, 466
scientific conclusions, 187-188, 4 6 9

ISK' (International Standard Industrial
Classification) codes, 136n

Israel. hninigrant scientists and engineers
from. 83. 297

Italy
GDP per capita, 135, 400
high-technology products

global market for. 1 1, 137-138, 402-404
imports of, 138-139, 405
royalties and license fees. 140-142.

4 11-11 1
trade balances. 10, 11, 110, 409-410

immigrant scientists and engineers trom,
83, 297

industrial R&D funding and pm.formance,
415, 416

nonacademic scientists and engineers in,
83-85, 298

NS& E degrees in, (M-62. 84-85.
2 63-2 64, 266, 303-304

patents
grants to inventors tr(a. . 430,

431
interpatent citations. 133, 14::

Population of 20- to 24-year-olds. 61, 263
productivity growth, 154, 153, 443
public altitudes toward S&T. I t"2 ;84.

464
astrology, 186-187, 4 8 7
issues. attention to, 1813, 466
scientific conclusions, 187-188. 4 69

R&D expenditures. 108, 109, 341_3.32,
344

scientisis and engineers in R&D. NC
300-301

Japan
articles in S&T. tO, 130, 389
emerging tec!riolog.it's compared with

U.S., 160. 162
GDP oer capita. 135, 400
high.teclund((gy 'any ownership. 448
high-tecluudogy diets

global markut for. II, 137-138, 402-404
imports of, 138-139..103
royalties and fees for. 140-142. 4 11-414
trade balances. 10. 1 1. 140, 112n.

109-410
immigrant scientists and engineers front.

83. 297
industrial R&D funding and performance,

142-143. 4 S. 41(1
nonacadtamic scientists and engineers in,

M3-85, 298-299. 302
NS& I.; degrees in. 60-62, 84-85,

263-264. 266. 303-304
nalenis

classes favored by inventors from.
150-151, -13 3

grants to foreigners. 150, 440-111
grants to inventors from. 11, 147-149,

430. 431
interpatent citations, 133. -1.12

population of 'zn- to 24-year-ohls. 61, 265
preodlege studIes

achievement ia 21-22
time spent on lumicev(wk, 22

productivity growth. 151, 133, ,I43
public attitude's toward S&T. 183-186,

465
perception of S&I achievements.

189-190, 4 70-4 72
scienfific e(mclusions. 189

R&D expenditures. 3-4. 107-110,
3-11-346

scientists and engineers in manufactur-
ing. 302

scientists and engintyrF. in R&D. 84.
300-301

joint research ventures, 102

Korea, See South Korea.

Labor. Department of, R&D supp(wt. 94-97.
313-318

Labor force in S& E. e Science and engi-
neering. wiwkforce.

I Atilt Amerka. R&I / expenditt ire-. in the LS.
by, 110, 3 16

1,(wyer. fresInnan planned careet as. 49-50,
232

1.ile sciences
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acadeniic R&I)
doctoral researchers. 124-1n, 373-383
expenditures for, 117-118. 123-124,

354-358. 370
facilities and instrument spending,

120-123, 364-368
Federal obhgat s for, 119, 362-363
Federal stiliport, 129, 382
geographic distribution of, 124, 125, 373
RAs for, 130, 386

degrees
bachelors, 8, 50-51, 235-237, 272
doctoral. 54. 55-50, 247-248
masters, 53-55. 244-246, 273

doctoral recipients in, 9, 59, 75-79,
261-262. 286-296

Federal I thligations for research in. 95-97.
321-326

graduate enrollments in. 52-54. 58-59,
239-243, 260

graduate student fr-iojal suppio, 57-58,
253-254

as intended major . mathematics
SAT scorers. 22-2.3. 206-210

pn1.1)1kge enrollments. 211
R&D jobs in. 71, 72, 267-271
recent S&E graduates in. 72-75. 272-283
salaries tor recent graduates in, 72-74,

27.1-275
scientiMs and engineers employed in, 0,

07-72, 267-271
Literature

foreign country shares. 9-10. 130. 388,
389

Overview of, 9-10
l'.S. sham 9-114 129-13o, 388

Local giivern mein. See State and local gov-
ernment.

Longitudinal Study of American Youth
(I.SAY). 24. 28

Luxembinirg
public attitudes toward S&T. 182-184,

464
astrology, 180-187. 467
issues, attention to, 180. 466
scientific conclusi(.uns, 187-188. 469

Nlachinery. S&E R& I) jobs in, 271
Nlacroeconoinic scenarios (1990-2000)

80-81
Magazines. for science knowledge, 109-170,

451..152
Manufacturing

S& E job patterns, 5-0, 07-72. 267-271
;cientists and engineers in. 302

Nlasters degrees. See Degrees, masters.
Nlaterials engineering

academic R&I)
doctoral researchers. 124-129, 375
Federal obligations lor. 119, 3(32-3(33

bachehirs degrees in, 272
masters degrees in, 273
recent S&E graduat('s in, 72-75, 272-285
salaries for recent graduates in. 72-74.

271-275
Mathematical sciences

academic R& )
doctoral researchers. 124-129. :475-383
expenditures for. 117-118, 123-124,

354-338, 370
facilities and instrument spending.

120-123. 364-368
Federal obhgations for, 119. 362-363
Federal support. 129. 382
geographic distribution of, 124. 125. 373
RAs for, 130, 381-385

doctoral recipients in, 73-79, 286-296
immigrants in, 83, 297

R&D jobs in, 71. 72, 267-271
recent S& E graduates in, 72-75, 272-285
salaries for recent graduates in, 72-74,

274-275
Nlathenialics

articles in, 129-130, 388-389
baccalaureate institutions of doctorate

recipients, 47-48, 226
degrees

bachelors. 8, 50-51, 235-237. 272
doctoral. 54, 53-50, 247-248
masters53-55, 211-246, 273

doctoral recipients in, 9, 39, 261-262
Federid obligatiims for research in, 95-97,

321-326
freshman planiuql major in. 19, 229
graduate enrollments in. 52-34. 38-59.

239-243. 260
graduate student financial suppiirt. 57-58.

252. 254
as intended major of top mathematics

SAT scorers, 22-23, 206-210
national educational goals for. 10, 35
precollege student preferences for

careers in. 21
precollege studies

av-rage proficiency trends, 7, 18-20.
202-203

elassnioni activities, 27-28, 219, 221
credits mitdred li)r graduation. 37
enrollments in, 25-27. 212, 215-216,

218
federal role in, :15-30, 222
gatekeeping courses, 29-30
highlights. 11-15
internatiimal ointext of achievement. 8,

21-22
low-track classes, 29
minority enrollment, 29
national efforts supporting, 33-37. 222
overview of. 0-8
pwparation and qualifications of teach-

ers, 30-33
relation to learning and college atten-

dance, 28
nunedial, 29. 222
state legislators' attitudes towards S&E

education reform. 38
state-level proficiency. 20, 205
leacher supply and ilemand. 33-35

prikjected job growth in, 80-82
scientists and engineers emplityed in, 0,

07-72, 267-271
lop SAT scorers in, 22-23, 20(3-211)

Mechanical engineering
academic R&I)

doctoral researchers. 124-129, 375
expenditures for. 117-118, 354-358
Federal obligatioits for, 119, 362-363

bachelors degrees in. 272
doctoral recipients in, 75-79. 286-296
masters degril.s in, 273
R&D jobs in, 71, 72, 267-271
recent SAK E gra hiatus in, 72-75, 272-283
salaries for recent graduates in. 72-74,

274-275
scientists and engineers employed in,

117-72, 267-271
Media, for wience knowledge, 109-170, 451,

132
Medical discoveries

atbuitiveness concept. 171, 133
public attitudes toward, 108. 180. .140,

.150, 466
Mexico. immigrant scientists and engineers

brow, 83, 297
Middle East. immigrant scientists and engi-

neers Iron 83, 297

483

Military, public spending preferences Ion,
181, 463

Military policy. public attitude toward, 108,
149,150

Nlilitary technologies, public attitudes
toward, 190. 472
enginivring

liacludors degri s in, 272
niasters degrees in 273
riTent S&E grailoates in, 72-75, 272-285
S&E jobs in, 09, 70, 268
salaries for re,..ent graduates in, 72-74,

274-275
Minorities. See Ethnic comparisons.
Museums, for science knowledge. ItitI-170,

451, 452

NAEP. Ser National Assessment of
hlucational Progress.

National Aeronautics and Space
Administration (NASA)

academic R&D expenr:itures, 118-120.
359-363

investnient in precollege science/mathe-
matics t.dueation. 222

IR&D program, 98-99. 113n. 329
R&I I support, 94-97. 313-318
5111R awards, 97, 327

National Assessinc:1 of Educational
Progress (NM..

classrmun actMties. 27
geogra)hy pnifickncy, 2(1-21
niathematk-s proficiency, 18-20, 2(12-205

, overview, 10
science proficiency, 17-18. 199-201
Trial State Assessment Pnigram, 21), 205

National (*imperative Research Act of 1984
(NCkA), 102

National Council of Teachei s of
Ntathematics (NCIA1). 30

National Education Longitudinal Study of
1988 (NELS:88), 27-30, 32

National Institutes of !health (Nil!)
academic R&D expenditures, 118-121.

:159-363
indirect costs of research grants. 119-12(1.

121

R&I) support, 0.1-97, 313-318
S&E grailuate student lim'ncial support.

57-58. 252-23:1. 23(3-258
National Opinion Research Center (NORC),

170-177, 458
National Research Council (NRC), 30
National Science Foundation (NSF)

a. ademic R&D expenditures.
359-363

in(lirect costs of research grants. I19-12o,
121

inveqwent in precollege scienceIniatho
=tics education, 35-30. 222

R& ) support, 94-97, 313-318
S&E grathiate student financial support.

57-58. 232-253. 256-258
SIIIR awar&.:, 97. 327

National Survey of Aemleinic Research
Instruments and Instrumentation
Needs, 122-123, 369

National Survey of Science and Mathematics
Education. 27

Native Ann.ricans

dt11)4a1L'tibi'slilors. 51, 237
doctoral, 55, 2.18-249
masters. 51, 246

doctoral icailenlic researchers, 120-12s,
129, 376-377

preodlege enrollments. 217-218
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precollege science classroom experi-
ments, 29, 220

S&E graduate enndlnielits , 53 , 5.1, 241
salaries for recent S&E graduates, 74,

274-275
Natural science and engineering (NS& E)

See also Engineering; Science;
Science and tngineering.

degrees
bachelors, 59-62, 223, 238, 263-264,

266
doctoral. 85, 225, 304
first. 84-85, 303
masters, 224

Natural sciences
freshman intentions as predictors of bach-

elors degrees in, 52, 238
immigrants in, 83, 297

NC RA (National Cooperative Research Act
of 19811, 102

NCTM (National Council of Teachers of
Mathematics), 36

Near East, immigrant scientists and engi-
neers from, 83, 297

NEI-S:88 (National Ethication lenigitudinal
Stu(ly of 1988), 27-30, 32

Net ludands
high-technology company ownership. 448
patents

grants to inventors from, 147-149.430.
431

interpatent citations, 153. 442
public attitu(les toward S&T, 182-184,

464
astrology, 186-187, 467
issues, attenthin to, 186, 466
scientific conclusions. 187-188, 469

IMI) expenditures in the 1.!.5. by, 110.
316

New Brunswick. See Canada.
Newspapers, for science knowledge,

169-170, 451. 452
NIB. See National Insfitutes of I lealt h.
Nonmanu fact uring S&E job patterns, 5-6,

67-72, 267-271
Nonprofit institutions

Federal R&D obligations to , 95 318-320
national R&D spending patterns, 92-93,

306-31:
NORC (National Opinion Research ('enter),

176-177. 458
North America

ininii.:rant scientists and engineers fmtn,
83. 297

NS& E bachelors degrees awarded in,
59-62, 263-264, 266

population of 20- to 24-year-olds. 61, 265
Northern Ireland, pablie attitudes toward

S&T, 187-188, 469
N RC. See National Research Council;

Nuclear Regulatory Commission.
NS& E, See Natural science and engineering.
NSB. See National Science I3oard.
NSF. See National Science Foundation.
Nuclear energy, attentiveness ctincept, 171.

453
Nuclear engineering

badulors dcgret's in, 272
masters degrees in, 273
recent S&E graduates in, 72-75. 272-285
salaries for recent graduates in, 72-74.

274-273
Nuclear power. pubfic attitudes toward.

177-178, 4 19. 450, 460
Nuclear Regulatory Commission (NRC),

SBIR awards, 97. 327

Obligations, defined. 91

OECD (Organisation for Economic
Cooperation and Developm('nt), 136

Office ;Ind compufing equipment, S&E jobs
in, 68, 69

Ontario. See Canada.
Organisation for Economic Ciloperation and

Development (OECD), 136
Outlays, define(l, 91
()zone depletion, public knowledge of, 173,

454

Pacific Islanders. precollege scit'nce class-
room expetiments, 29, 220

l'apers. See Literature.
Patents

activity index. 150n
by SICs, 151-152
classes favored

by British inventors, 151, 436
by French inventors, 151, 435
by inventors Inuit Taiwan, 151. 437
by Jamiese inventors, 150-151, 433
by South Korean inventors. 151, 438
by I S. corporations. 150-151. 432
by West Cerinan inventors, 151, 434

grants
to Americans, 1,17, 148. 430, 431
to 1.( weign inventors, 147-148, 430, 431

highlights, 134
indicators. limitations of, 117n
interpatent citations, 152-1:4, 442
Overview of, 10
SIRs and, 147n
to colleges and universities, 130-131,

390-399
Petndeum engineering

bachelors degrees in. 272
masters degrees in. 273
recent S&E graduates in, 72-75, 272-283
salaries for recent graduates in, 72-74,

274-275
Ph.D. degree's. See Degrees, doctoral.
Philippines, immigrant scientists and engi-

neers from, 83, 297
Physical sciences

acad('mic R&I)
dodo; al researchers, 124-129, 375-383
expenditures for. 117-118, 123-124,

354-358, 370
facilities and instrument spending,

120-123, 364-368
Federal obligations for. 119, 362-363
Federal support, 129, 382
geographic distribution of, 124, 125, 373
RAs for, 130, 38.1

baccalaureate :nstitutions o; doctorate
recipients, 47-48, 226

degrees
bachelors, 8, 50-51, 235-237. 272
doctoral, 34, 55-56. 247-248
masters, 53-55, 244-216, 273

doctoral recipients in, 9, 59, 5 Yo.

261-262, 286-296
Federal obligations for research in, 95-97,

321-326
freshman planned major in, 9, 49. 229
graduate enrollments in, 52-54. 58-59.

239-243, 260
graduate student financial support, 57-5:',

252. 234
highlights, 166
as intended major of top mathematics

SAI' scorers, 22-23, 206-210
pn.c(dlege

enrollments in, 211
qualifications of teachers. 31, 32

priljected job growth io, 80-82
R&D jobs in, 71, 72, 267-271 .

Al

recent S&E graduates in, 72-75, 272-285
salaries for recent graduates in. 72-74,

274-275
scientists and engineers employed in, 6,

67-72, 267-271
Physician, freshman planned career as,

49-50, 232
Physics

articles in. 129-130, 388-389
precollege enrollments in, 25-26, 211,

217
Poland, immigrant scientists and engineers

from, 83, 297
hillution. See Environmental pollution.
Portugal

pub1i4t-tattitud es toward S&T, 182-184,

astrology. 186-187. 467
issue A, attention to, 186, .166
scientific conclusions, 187-188, 469

Precollege education. See Educati(ni,

Precollege students. See Students, precol-
kge.

l'recollege teachers. See Teachers, precol.
lege.

l're.law, as intended major of top mathemat-
ics SAT scorers, 22-23, 206-210

l'remedicine, as intended major of top math-
eniatics SAT scorers, 22-23, 206-210

Price indexes, for R&D
food and agriculture R&D, 101, 333
health R&D, biomedical deflator, 100-101,

330-333
Primary education. See Education, precol-

lege.
Primary mathematics. See Mathematics, pre-

college studies.
Primary science. See Science, precollege

studies.
l'rimary teachers. See Teachers, precollege.
Private industry. See Industry.
Productivi!y, public attitudes toward, 179,

8(Psycholl(4,5)
aca(lemic R&I)

doctoral researchers. 124-129, 375-383
expenditures for, 117-118, 123-124,

354-358, 371
facilities and instrument spending,

120-123, 364-368
Federal obligations for, 119, 362-363
Federal support, 129, 382
geographk. distribution of. 124. 125. 373
RAs for, 130, 386-387

baccalaureate institutions of doctorate
recipients, 47-48, 226

degrees
bachelors, 8, 50-51, 223, 235-237, 272
doctoral, 54, 55-56, 225, 247, 249
masters, 53-55, 224, 244-246. 273

doctoral recipients in, 9, 59, 75-79,
261-262,286-296

Federal obligations for research in, 95-97,
321-326

freshman planned nwjor in. 49, 229
graduate enrollments in, 52-54, 58-59,

239-243. 260
graduate student financial support, 57-58,

253-254
as intended major of top mathematics

SM' scorers, 22-23. 206-210
recent S&E graduates in, 72-75, 272-285
salaries for recent graduates in, 72-74,

274-275
Public attitudes toward S&T. See also

Science literacy.
highlights, 166
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international comparisons, 182-184, 464
data set availability, 183
issues, attention to, 186, 466
perception of s&T achievements,

189-190, 470-472
scientific conclusions, 187-189,

468-470
U.S.. Canada, and Europe, 184-185, 464

overview of, 3. 10, 12
in U.S.. 175-176, 455-156

attentiveness concept, 170-171, 453
confidence in institutions. 177. 458
education. 12. 179-180, 181, 462
Federal research funding, 10, 12, 177.

456
genetic engineering research, 177. 178,

4 59
GSS, 176-177, 458
interest in issues, 167-168, 449
media exposure, 169-170. 451, 452
new technologies, 181-182, 455-456
nuclear power. 177-178, 460
research using animals. 181. 182.

455-456
science and values, 180-181
scientific wsearch, 175-177. 457
space exploration, 178-179, 461
spending preferences. 181, 463

Public school education. See Education, pre-
College.

Public school students. See Students, precol-
kge.

Public school teachers. See Teachers, precol-
lege.

Publications. See Literature.

Quebec. See Canada,

R&D. See Research and development.
Racial comparisons. See Ethnic comparisons.
RAs (Research assistantships), 130, 384-387
Research and development (R&D). See also

Applied research; Bask. research;
Development.

academic. See Academic R&D.
consortia, 102
CRADAs for, 102, 103
funding for

by Fed('ral budget function, 99-1()1,
330-333

Federal obligations, 94-97, 313-326
geographic distribution of, 103,

335-336
highlights. 88
international comparisons, 3-5, 107-110,

:341-346
IR&I) programs. 98-99, 143,,, 329
national patterns, 89-93, 306-311
Overview of, 3-5
as percentage of GNP, 108-109,

341-342
pubhc attitudes toward. 10, 12. 177, 456
SBIR awards, 97, 98, 327-328
state-based, 102-107, 335-340

globalization of, 110. 345-346
industrial. See Industrial R&D.
public attitudes toward, 175-177, 457
S&P, jobs in. 70-72, 267-271
scientists and engineers in. 84, 300-301
synopsis of, 2
tax credits for, 101-102, 105, 334, 338.

339
U.S. overseas. 110, 345

Research assistantships (RAs). 130, 384-387
Research centers. 105, :338.339
Royalties and license fees, 140-142. 411-414
Russia. See Soviet Union.

S&L Sec Science and engineering.
I. Sre Science and lechnok)gy.

Salaries for recent S&E graduates, 72-74,
274-275

SASS (Schools and Staffing Survey). 27-28,
30-31. 33

SAT (Scholastic Aptitude Test), 22-23,
206-210

SI3A (Small Business Administration). 97
5131R (Small Business Innovation Research)

awards. 97, 98, 327-328
Schokistic Aptitude 'fest (SAT), 22-23.

206-210
Schools and Staffing Survey (SASS), 27-28.

30-31, 33
Science

academic R&I )
doctoral researchers. 121-129, 375-383
expenditures for, 117-118, 123-124,

354-358, 370
facilities and instrument siwnding.

120-123, 364-368
Federal obligations for% 119, 362-363
Federal support. 129. 382
geographic distribution of, 124, 125, :37:3
RAs kr. 130, 384-387

baccalaureate institutions of doctorate
recipients, 47-48. 226

degrees
bachelors. 8. 50-51. 235-237. 272
doctoral. 54, 55-56. 247-248
masters. 53-55. 244-2.16, 273

doctoral recipients in, 9. 59, 75-79,
261-2(32, 286-296

Federal obligations for research in, 95-97,
321-326

graduate enrollments in, 52-54, 58-59.
239-243, 260

graduate student financial support, 57-58.
252-258

as intended major of top mathematics
SAT scorers. 22-23. 206-210

national educational goals for% Hi. 35
prcel,!leg student preferences for

careers in, 24
precol'.ge studies

average proficiency trends, 7. 17-18,
199-201

classroom activities, 27. 29. 220-221
credits required for graduatilm, 37
enrollments in, 25-26, 211, 213-214,

217
experiments. 27, 29. 220
federal role in, 35-36, 222
highlights, 14-15
low.track classes, 29
minority enrolhnent, 29
national efforts supporting, 35-37, 222
overview of, 6-8
preparation and qualifications of teach-

ers. 30-33
relation to learning and college atten-

dance. 28
state legislators' attitudes towards S&E

education n'form, 38
teacher supply and demand, 33-35

recent S&E graduates in. 72-71, 272-285
salaries for recent graduates in. 72-74,

274-275
Science and engineering (S&E). See also

Engineering; Natural science and
engineering; Science.

academic R&D
doctoral researchers. 124-129. 375-3(53
expenditures for, 117-118. 123-121,

:354-358, 370
facilities and instrument spending.

120-123, 364-368
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Federal obligations tor. 119. 362-363
Fedeml supp(m. 129. 382
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RAs for% 130, 384-387
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recipients, 47-48, 226
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bachelors, 8, 50-51. 223, 235-237. 272
doctoral, 54. 55-56, 225. 247-248
masters, 53-55. 224. 211-2.16. 27:3

(lock)ral recipients in, 9, 59, 75-79,
261-262, 286-296

Federal obligations for research in. 95-1G.
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graduate enrollments in, 52-14, 18-59,
239-243, 260
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salaries for recent graduates in. 72-71.

27.1-275
WI di ff wee

(bleu:mu. rocipients, 7. 75-79. 286-296
highlights. 66
immigrants in. 83. 297
industrial job patterns. 67-72. 267-271
international employment ot, 83-85,
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Overview of. 5-6, 7
recent S&E graduates. 72-75. 272-285
supply and demaml outkok kr. 79-81
synopsis of, 2

Science and mathematics education indcx.
179

Science aml technology (S&T)
international markets for, Si(' Global mar-

ketplace.
public attitiules toward. See Public atti-

tmles toward S&T.
public literacy. See Science literacy.
state programs. 104-101.1116. 338-339

Science literacy. Sec also Public attitudes
toward s&T.
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kukvIedge

levels ot 168-169, 150
sources Of. 937. 1(39-17(1..152

media use and museum visits. 169-1TO,
451. 452

aml religi(ms beliefs. 171
scientific et nicept s, 173-171
scientific process. 172-173
surveys of public on. 167.172

Scientific discoveries
attentiveness concei)t. 171. 153
public attitudes toward, 168, 181/, -119.

450, 466
Scientific researcher, freshman idamied

career as. 49-511, 232
Scientists. Sr(' also Engineers: Scientists and

engineers.
employment or. See .:+cience and engilwer-

ing. workforce.
mfflacademic. 83-85, 298-299, 302
in R&D, 84. 300-301
R&I ) jobs for, 70-72, 267-271

Scientists and engineers. Sec also Engin:Tr.;
Scientists.

doctoral, in academic R&D. 121-129,
375-383

employment of, Sec Science and engineer.
Mg. work torce.

nonacademic, 1, 83-85. 298-299, 302
mil& attitudes t»ward, 17U-17"i.. 158
in R&D. 8-1, 300-301
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pmject, 36-37

Stiontdaty education. See Education, lm.col-
lege.

Secondary mathematics. See Mathematics,
precollege studies.

Secondary science. See Science, precollege
studies,

Secondary ,,alents. See Students, precol-
lege.

Secondary teachers. See Temilers, precol-
lege.

Seed capital !migrants, 105, 338-339
SES, See Socioeconomic status.
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codes, 144n, 151
Singapore
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60-62, 263-264, 266
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SIR (Statutory invention registration), 147n
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ness,
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expenditures for, 117-118, 123-124,

354-358, 371
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doctoral. 51, 55-56, 225, 247, 249
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321-326

freshman intentions a.; predictors of bach-
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immigrants in. 83. 297
as intended major of top matnematics

SX1 scorers, 22-23, 206-210
projected job growth in, 80-82

johs in, 71, 72, 267-271
recent S&L graduates in, 72-75, 272-2,43
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274-273
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267-270
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19-50, 232
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precollege mathematics classes versus,

29, 222
precollege science classroom experi-

ments versus. 29. 220
qualifications of precollege teachers ver-

sus. 32, 33
South Korea

GDP per capita. 135, -MO

high-technology company ownership, 4,48
high-technology product royalties and

license fees, 140-142, 411
immigrant scientists and engineers from,

83, 297
NS& E bachelors degrees awarded in.

60-62, 263-264, 266
patents

classes favored by inventors front, 151,
438

grants to foreigners, 150, 440-441
grants to inventors from, 147-149, 430,

431
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Soviet Inion
articles in S&T, 130. 389
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83, 297
NS& E bachelors degrees awarded in,

59-62, 263-264, 266
patents

grants to foreigners, 150, 440-441
grants to inventors front, 147-149, 430,

-131
population of 20- to 24-year-olds, 61, 265
public attitudes toward S&T, 189-190,

470, 472
Space exploration

attentiveness concept, 171, 453
public attitudes toward, 168, 178-179,

449, 450, 461
public spending preferences for, 181, 463

Space research and (levelopment (R&D).
funding for, 99, 100, 330-331

Space sciences. See also Earth/space sci-
encis.

articles in, 129-130, 388-389
Spain

public attitudes toward S&T, 182-184.
464

astrology, 186-187, 467
issues, attention to, 186, 466
scientific conclusions. 187-188. 469

SS&C (Script% Sr'quence, and Ctiordinati(m)
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Standard Industrial Classification (SIC)
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State distribution of high-technology small
business, 157-158, 4,17
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State science and technology (S&T) pro-
grams, 104-105, 106, 338-339

Statutory invention registration (SIR), 147n
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foreign
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263-264, 266
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graduate enrollments. 58-59. 260

graduate
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enrollments of, 52-54. 58-59. 239-243,

260
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227-233
freshman intentions as predictors of

S&E bachelors degrees, 52, 238
Supply

of prectdlege teachers, 33-35
of scientists and engineers, 79-83

Supply/demand differentials for scientists
and engineers. 81-82

Support. See Financial support.
Swed t'll

GDP per capita, 400
high-technology company ownership, 448
immigrant scientists and engineers from,

83, 297
industrial R&D funding and performance.

-115, 416
NS&E degrees in, 60-62, 84-85, 263,

266. 303-304
patents

grants to inventors from, 147-149. 430,
431

inlet-patent citations, 153, 442
productivity growth. 154, 155, 443
R&113 x penditures, 110, 341-342, 344,

scientists and engineers in R&D in, 84,
300-301

Switzerland
high-technology company ownership, 448
patents

grants to i»ventors from, 11, 147-149,
430. 431

interpatent citations. 153, 442
R&D expenditures in the U.S. by, 110,

346

Taiwan
high-technology company ownership. 448
immigrant scientists and engineers from,

83, 297
NS& E bachelors degrees awarded in,

60-62, 263-264. 266
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classes fav( wed by inventors Intim 151,
437

grants to inventors front, 147-149, 430,
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population of 20- to 24-year-olds, 61, 265
precollege studies

achkbvement in, 21-22
time spent On homework, 22

Tax credits for R&D, 101-102, 334
Teachers

precollege
certification and degrees of, 32-33
demand foe. :13-35
preparation and qualifications, 30-33
students' access to, 32-33
supply (if, 33-35

Tedmologies. See a/so Inventions and tech-
nologies.

at tentivoubss concept. 171. 45:3
emerging

defined, 160n
future competitiveness and, 160-162

tylevision, 152
Technology

articles in. 9-10, 129-1:10. :388-389
industrial use of, 151-155

highlights. 134-135
overview, 10

international comparisons of use,
155-157, 444, 4.45



Science & Engineenng Indicators - 1991

literature from. See literature.
public attitudes toward, 181-182, 186,

455-456..166
R&D funding, 143-146, 418-129
small business in. See High-technology

companies, small business.
Television

for scienc(' knowkdge, 169-170, 451, 452
leclinah)gies for, 152

Trade. See also Business; Industry.
balance of. 10, 11, 140, 141, 409-410
S&k jobs in, 70

Transportation. Department of (DOT)
CRADAs, 102, 103
R&I) support, 94-97, 313-318
Mill? awards. 97. 327

Transportation equipment, S&E IMO jobs
in. 271

Thinsportation S&E jobs, 70. 268

Undergradintle education. See Education,
undergraduate.

Undergrmluate stmlents. .tire Students,
undergraduate.

United Kingdom
articles in S&T. 130. 389
British science literacy survey. See

Science literacy.
GDP per capita. 135, 100
high-technology company ownership, .448
high-technology prodtels

global market 14, 1 1. 131-138, 402-404
imports of. 138-139. 405
royalties and license fees. 1.1(1-142.

411-114
trade balances. 10, 11, 110, 409-110
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industrial MD funding and performance.
415, 416
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classes favored by inventors from, 151.

436
grants to foreigners, 150, 440-441
grants to inventors from, 11, 147-149,

430, 431
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public attitudes toward S&T, 182-184,

464
astrology, 186-187, 467
issues. attention to. 186, 406
scientific conclusions, 187-188, 469

R&D expenditures, :1-4, 107-11 0,
141-346

scientists and engineers in manufactur-
ing. 302

scientists -nd engineers iii R&D, 84,
300-301

USSR. See Soviet I:111011.
rniversil ies. See Colleges and universities.
1;SI /A. See Agriculture. Department of.
Utilities, S&P: jobs in, 70, 268

Venture capital programs, 105, 338339
Veterans Affairs, CRADAs, 102. 103

Wales. Seelnited Kingdom.
West Germany
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global market for, 11, 1:17-138, 402-404
imports ol, 138-139. 405
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immigrant scientists and engineers from,
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indust jul R&D funding and performance,
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grants to foreigners, 15n, 440- 4.11
grants to inventors from, 11, 147-119,

430, 431
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productivily growth. 154, 155. 443
public attit des toward Sta, 182-184,

astroh4;y, 186-187. 467
issues, attention to, 186, 466
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